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@ The first stent (1) comprises a <^tndricai 
frame (2), notches (5) and fides (4> defin^i by 
frame segments (6a) and fcwming the framB and 
notches defined by firame segments (6a}. The 
firame lias ends (3a) and (3b). This stent Is made 
of a super elastic matai as a single piece without 
an abnjpt change in the physical property with- 
in it. The ^cond stent is made of wires in fte 
shape of a substantially drcular cylinder. The 
wires fonning the stent are made thicker in the 
middle pcrtfon and in both end portions of the 
stent The stenosis-irsating device comprises 
an indwelling stent, a Ujbuiar sheath which 
hc^ds the stent in a compressed state in it, and a 
balloon catheter whtdi is p£^ed throt^h the 
sheaih has a dilatation balloon and a prc^ectkm 
at the rear of ttie portion of the sheath in which 
the stent is held which cwnes into contact with 
the rear end of the stent when the sheath is 
moved reaivi^rd and lets the stent out of the 
front end of the sheath. 
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BACKGROUND OF THE INVENTION 

This invention relates to an indwelling stent used 
to ameiiorate a stenosed part occuiring in a blood 
vessel, bile duct, trachea, esophagus, ureter, and s 

other (w^gans in the body, and the niethod for manu- 
facturing the stent 

Many types of stents are hitherto proposed to 
maintain the openness of a vessel or a pas^geway. 

Those stents can be divided into two t^es: self- io 
expandable stents and baifoon-expandable stents. 

A balloon-expandable stent does not have a ca- 
pability of expanding by itself. This type of stent is put 
in an intended stenosed part of the body by inserting 
a stent into the stenosed part and inflating the baiioon f 5 
in the stent to expand the stent (plastic deformation) 
dilating the stenosed part. Thus, this type of stent 
needs the expanding operation. 

A self-expandable stent, on the other hand, has 
an capability of expanding by itself from a com- 20 
pressed state. This type of stent is put in an intended 
stenosed part of the body by inserting a stent in a 
compressed state into the stenosed part and remov- 
ing the force maintaining the stent in the compressed 
state, for example, by holding a stent in a compressed 25 
state in a tube of a smaller CHjtside diameter than the 
innffi* diameter of the intended stenosed part, advanc- 
ing thefrontend portion of the tube near the stenosed 
part and pushing the stent into the stenosed part out 
of the tube. The stent, released from the onf Inement 30 
of the tube, expands to resume the original shape, 
and dilates the stenosed part and is securely f ix«J in 
the part. This type of stent tlnjs does not need the ex- 
panding operation, and the insertion operation of a 
stent Is made easier. j5 

Many type of self-expandabie stents are hitherto 
proposed. Specifically, a super elastic metal stent is 
shown in J.P.8 5-43392 gazette. The catheter shown 
in J.P.B S-43392 has a sheath which covers the out- 
side surface of the catheter put on, and has a stent 4q 
(device for dilating a stenosed part) held between the 
front end portion of the catheter and that of the 
sheath. The stent used is such that the deformation 
both before and after it is put in the body is within the 
super elastic range. The shapes of the stent shown as 4s 
usable are a coil (spiral), circular cylinder, roil, step- 
ped pipe, high-order coil, flat-spring coil, cage, or 
mesh. 

Thus being made of a super elastic metal which 
exhibits a super elastic both before and after being 50 
put in the body, the stent shown in J.P.B 5-43392 is 
easy to insert into a stenosed part, and can continue 
to dilate the stenosed part for a long period because 
the stent steadily exhibits the super elastic. 

However, when the stent in the shape described 55 
above expands, the ends of the stent move in the 
stenosed part For example, a stent In the shape of a 
coif becomes shorter in the direction of the axis when 



expands, and hence the ends of the stent moves to- 
ward each other. A stent in the shape of a roil, on the 
other hand, does not change in the length in the di- 
rection of the axis, but the distance between the cor- 
ners of each end of the stent changes as the stent un- 
winds. This move of the stent in the stenosed part can 
damage the inside surface of a body wail, and the 
damage can cause a new stenosis. 

A stent in the shape of a simple circular cylinder 
has no pffoblems as described above, but it is not easy 
to compress to a smaller outside diameter, and hence 
diffiojlt to insert into a narrow stenosed part. A stent 
In the shape of a stepped pipe is also difficult to com- 
press to a smaller diameter, and further can hinder 
the blood flow and cause a new stenosis because of 
the parts projecting Inward. 

A stent in the shape of a cage or mesh is not easy 
to make of a super elastic metal. Moreover, the appro- 
priate control of the resilience of the stent is very dif- 
ficult, and this makes it difficult to determine the 
shape (dimensions) of the stent. 

The first object of this invention is to provide an 
irdwelling stent which is made of a super elastic metal 
exhibiting a super elastic both in and out the body, 
easy to put in a stenosed part, does not hurt the body 
tissue when expands In the stenosed part, and can re- 
liably dilate the stenosed part and maintain the dilated 
slate, and a method for manufacturing the stent 

Another self- expandable stent is shown in J.P.B 
4-32682 gazette. This stent 30 is made of zigzags 
consisting of a plurality of straight segments and 
forming a closed loop (cj^inder) as shown in Figure 
21. This stent has a pro!^^ that the entire stent be- 
comes too rigid when the straight segments are made 
long in order to use for a long stenosed part. Further, 
when two or more stents are put in a stenosed part 
as shown in Figure 22, the part can rupture because 
of a too^arge dilating power, the operation for putting 
in the stents is difficult, and the stents can move out 
of the place. 

The stent 40 shown in J.U.A 4-25755 is made by 
connecting two pr more stents end to end by means 
of wires 41 as shown in Figure 23 so that it can be put 
in a long stenosed part. Since individual stents con- 
stituting the stent 40 are independent, the stent 40 
does not have a flexibility enough to bend along the 
sharply curved stenosed part. 

The stent 50 shown in J.P.A 1 -14506 is formed by 
a hciicatly wound zigzag wire as shown in Figure 24. 
This stem SO can maintain the openness of even a 
bending stenosed part along the bend. However, 
since this stent 50 is made of a wire of a uniform rig- 
idity, the dilating and maintaining force against the in- 
side surface of a body wai! is the same. 

The degree of narrowing of a stenosed part 61 of 
a holiow organ or bccy cavity, specifically a blood 
vessel 61, is genera.ly Signer at the middle portion 
and oecomes gradually lower toward the ends as 
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shown in Figure 7. Moreover, blood vessels SO are 
straight only in a small part of them and bend in great- 
er or lesser degree in almost part of them. 

If a stent with a uniform rigidity is put in a sten- 
osed part the ends of the stent can stimulate or hurt 
the endothelial cells to induce a hyperplasia and 
cause a stenosis again, especially when the rigidity is 
made high to dilate the stenosed part If the rigidity is 
made tow so as to give the stent an adequate flexibil- 
ity, on the other hand, the stent may not r^iabiy dilate 
the stenosed part. 

The second object of this invention is to provide 
an indwelling stent whose middle portion has an ade- 
quate rigidity to dilate the intended stenosed part and 
maintain the openness and whose ends are flexible 
enough to bend along the bend of the body part with- 
out stimulating the endothelial cells and causing a 
stenosis and which stably irrdweiis the stenosed part 
without shifting out of place can be easily put in a 
stenosed part. 

As described above, there are two type of stents: 
balloon-expandabie stent and self-expandable stent. 

A balloon-expandable stent does not have a ca- 
pability of expanding by itself, and is put in a stenosed 
part, for example, by inserting a stent into the intend- 
ed stenosed part, positioning a balloon Inside the 
stent, and inflating the balloon to expand the stent 
(plastic deformation) by the expansive of the baJtoon 
to secure the stent in close contact with tiie iftsfele sur- 
face of the stenosed part. 

Though this type of stent requires the operation 
for expanding the stent as described above, this is not 
so serious problem, because the operation for ex- 
panding the stent can be accomplished comparatively 
easily by holding the stent around the deflated bad- 
loon. However, since this type of stent does ncrt have 
an expanding resilience by itseif. the inside diameter 
becomes smaller over time because of the pressure 
of the body part such as a btood vess^. causing a. 
constriction again. 

A self-expandable stent, on the other hand, has 
a capability of expanding by itself. This type of stent 
is put in the intended stenosed part of the body by in- 
serting a stent in a compressed state into the sten- 
osed part and removing the force maintaining the 
stent in the compressed state, for example, by holding 
a stent in a compressed state in a tube of a smariier 
outside diameter than the inner diameter of the in- 
tended stenosed part, advancing the front end portion 
of the tube near the stenosed part, and pushing the 
stent into the stenosed part out of the tube. The push- 
ed out stent, released from the confinement of the 
tube, expands to resume the original shape. The stent 
thus dilates the stenosed part and is securely fixed in 
the part . 

Thus having a capability of expanding by itself, 
this type of stent does not require the expanding op- 
eration, and has no problem that the diameter be- 



comes gradually smaller over time because of the 
pressure of the body part, causing the recurrence of 
the stenosis. 

This type of stent, on the other hand, ss difficult 

5 to put in the intended stenosed part because of its ex- 
panding resilience. Accurate positioning of the stent 
is very difficult especially in thin, sharply bending 
btood vessels such as txjronary arteries in which a 
flexible stent-inswting device (sheath and catheter) 

10 must be used. 

A conventional stent-inserting device for a self- 
expandabie stent is shown in Figure 25 (J.P.A 62- 
501271). 

This device corrprises a probe 70, a catheter the 

ts front end portion of which is made in a doubls-wai! 
structure by folding the wall inside out at the front 
end, the end 71a of the inside wall being attached to 
the probe 70, and a stent 72 held between the probe 
70 and the catheter 71 . This device is so constructed 

20 that the stent 72 is pushed out by the catheter 71 into 
the stenosed part when the probe 70 is moved front- 
ward in the direction of the axis. This structure, how- 
ever, is difficult to use in thin, sharply bending coron- 
ary arteries, because the portion in which the stent is 

25 held becomes ngld. Further, no device is made to ac- 
curately position the stent in a stenosed part in thirs, 
sharply bending coronary arteries. Furthermore, 
since the very thin catheter must be folded inside out, 
this stent-inserting device is difficult to manufacture. 

30 As described above, until today, there is no stent- 
inserting device (assembly) which can put a seif- 
expandable stent accurately in a stenosed pari in thin, 
sharpiy bending hollow organs such as coronary ar- 
teries. 

35 Therefore, the third object of this inverttion is to 

provide a stenosis-treating device which can put a 
self-expandable stent easily and accurately in a sten- 
osed part in thin, sharply bending hollow organs such 
as coronary arteries. 

to 

SUMMARY OF THE INVENTION 

The first object is attained by an indwelling stent 

of this invention which is mads of an super elastic 
•s metal exhibiting a super elastic both in and out the 
body in a substantially circular cylinder, has a high de- 
formability to deform in the direction to which the out- 
side diameter becomes smaller when a pressure is 
applied provided by a plurality of notches or holes 
0 made in the cylindrical wall, and is as a sin^e piece 
without abrupt change in the physical property within 
it. 

The first object is attained by a method of this in- 
vention for manufacturing the above stent, character- 
> ized by comprising a step of preparing a super elastic 
metal pipe of an outside diameter suited for the part 
of the bocy in which tfie sent is put, and a step of mak- 
ing a plurality of notches or iioies in the cySindrical wall 
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of the pipe by removing unnecessary parts in the cyl- 
indrical wall. 

The second object is stained by an ^dwelling 
stent of this invention which Is made of wires in a sub- 
stantially circular cylinder and is compressed to a 5 
smaller diameter when being put in the body and ex- 
pands to the uncompressed shape after being put in 
the body, characterized by that the wires are made 
thicker in the middle portion than in both end portions 
of the stent. ro 

The third object is attained by the stenosis-treat- 
ing device of this invention comprising an indwefting 
stent which is made of a substantially circular cylinder 
and is compressed to a smaller outside diameter 
when being put in the body and expands to the un- is 
compressed shape after being put in the body, a tub- 
ular sheath which holds said stent in a compressed 
state in it, and a balloon catheter which is passed 
through the sheath and the stent and has a dilatation 
balloon equipped at the portion extending beyond the 20 
front end of the sheath, the bailoon catheter having a 
projection at the rear of the portion of the sheath in 
which the stent is held which comes into contact with 
the rear end of said stent held in said sheath and let 
the stent out of the front end of the sheath wrtien the S6 
sheath is moved rearward. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Figure 1 is a perspective view of an embodinwnt so 
of the stent of this mvention. 

Figure 2 is a perspective view of another embodi- 
ment of ttie stent of this invention. 

Figure 3 is a perspective view of another embodi- 
ment of the stent of this Invention. 35 

Figure 4 is a perspective view of anottier embodi- 
ment of the stent of this invention. 

Figure 5 is a perspective view of an embodiment 
of the indwelling stent of this invention. 

Figure 6 is a developed view of the indwelling 4o 
stent shown in Figure 5. 

Figure 7 is a sectional view which roughly illus- 
trates the common state of a stenosed part in a vessel 
or hollow organ of the body. 

Figure 8 illustrates the effect of an embodlnront 45 
of the indweiiing stent of this invention. 

Figures 9(a) and 9{b) illustrate a part cf an em- 
bodiment of the indwelling stent of this invention. 

Figure 10 is a frofitviaw of an er^bodimentof the 
stenosis-treating device of this invention. 50 

Figure 11 is a diagrammatic v^ew of the front erd 
portion of the stenosis-treating device snown in Fig- 
ure 10. 

Figure 12 is ar» enlarged sectional view of a part 
of the front end pcation shown in Figure 11. 55 

Figure 1 3 is a perepective view of an embodiment 
of the indwelling stent used as a component of the 
stenosis-treating device of this invention. 



Figure 14 is a perspective view of another em- 
bodimentof the indwelling stent used as a component 
of the stenosis-treating device of this invention. 

Figure 1 5 is a sectional view of the Y-shaped con- 
neetor of the sheath as a com|»nent of the stenosis- 
treating device of this invention and its vicinity. 

Figure 1 6 is a sectional view of the branched hub 
of the balloon oathetar as a component of the steno- 
sis-treating device of this invention and its vicinity. 

Figures 17(a) and 17(b) are diagrammatic sec- 
tional views for illustrating the function of the steno- 
sis-treating device of this invention. 

Figures 18(a) and 18(b) are diagr^matic sec- 
tional views for illustrating the function of the steno- 
sis-treating device of this invention. 

Figures 19(a) and 19(b) are diagrammatic sec- 
tionai views for illustrating the function of the steno- 
sis-treating device of this invention. 

Figure 20 is a sectional view of the front end por- 
tion of another embodiment of the stenosis-treating 
device of this invention. 

Figure 21 is a diagrammatic front view of a con- 
ventional indwelling stent. 

Figure 22 illustrates the State in which the stent 
shown in Figure 21 is used 

Figure 23 is a diagrammatic front view of a con- 
ventional indwelling stent. 

Figure 24 illustrates the state in which the stent 
shown In Figure 23 is used 

Figure 25 is 3 sectional view of a conventional 
stenosis-treating device. 

DETAILED DESCRIPTION 

The stent of tfim inversion is described below us- 
ing the embodiments shown in the drawings. 

Figure 1 1s a perspective view of an embodiment 
of the stent of this invention. 

The stent 1 of this invention is formed in a sub- 
stantially cirtajlar cylinder of a super elastic metel that 
has a super high resilience both before and after the 
stent (s pRjt in the body. The stent 1 has a high deform- 
abiiity to deform in the direction to which the outside 
diameter becomes smaller when a pressure is applied 
by an frame structure with a plurality of notches and 
holes. Further, the stent 1 is formed as a single piece 
without an abrupt change in the physical property in 

SpecificaJSy, the stent 1 has the shape as shown 
in Figune 1. 

Tlie stent 1 of this embodiment comprises a cyl- 
indrical openwork frame 2, and holes 4 defined by 
side frame segments 6a and middle frame segments 
6b and notches 5 defined by side frame segments 6a. 
The frame 2 has ends 3a and 3b. The entire frame 2 
is made of a super elastic metal as a single piece In 
order to prevent an abrupt change in the physical 
propwty as at a part where separate pieces are con- 
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nected from occurring in it. 

The ends 3a, 3b are fornnecl by a pti^ality of arcs 
which are dispcsed on a cirde at intervals corre- 
sponding to about the same angles. That is, the ends 
of the frame 2 are of a corr^ete, substantNly correct 5 
cirde if the notehes 5 are not formed, and by fomning 
the notches 5, the plurality of arcs disposed on the cir- 
cle and separated by the notches are formed. Further, 
the ends 3a and 3b are formed by the ends of the 
frame segments da. The frame segments 6a extend ro 
obtiqueiy at a certain angle to the axis of the frame 2. 
The two side frame segments 6a branch and extend 
from both ends of each middle frame segment 6b, and 
the two side frame segments 6a extertding from ad- 
jacent middle frame segments 6b converge together is 
at the ends 3a and 3b to constitute an isosceles tri- 
angle as equal sides. The middle frame segments 6b 
extend approximately in parallel to the axis of the 
frame 2. In this embodiment, the middle frame seg- 
ments 6b have a width twice or about twice that of the 20 
side frame segments 6a, The shape of the cross sec- 
tion of the frame segments Ba and 6b at right angles 
with the axis of the frame 2 is a fan formed by longer 
and shorter arcs of the top (outer) and bottom (inner) 
sides and straight lines of the right and left sides. Fur- 25 
ther, the outside surface of the frame 2 is chamfered 
to prevent the edges from hurting the inside surface 
of a body wait. 

Since the stent 1 of this embodiment has the 
notches 5 at the ends 3a and 3b, the local deformation 30 
of the end portions of the stent 1 are made possible, 
improving the capabiltty of yielding to thedefomiation 
of the btood vessei in which the stent 1 is put Further, 
since the ends 3 of stent 1 ^ fonrnd by the ends of a 
pluralityof frarrrasegmentsSa, theends 3haveasuf- 3S 
ficient strength not lo readily collapse. Furtheitnore, 
the holes 4 defined by the side and middle frame seg- 
ments Sa and 6b are formed between both ends. 
These holes 4 make easier the defOTmation of the 
middle part of the stent 1 , especially in the direction 40 
to which ttw outside diameter decreases. 

In this example, the holes 4 have the shape of a 
compressed hexagon, and the notches 5 have the 
shape of an isosceles triangle. The number of the 
notches 5 formed at each end is six, and the notches 45 
have approximately the same shape. The number of 
the hoies 4 formed in the cylindrical wall of the stent 
1 is also six, and the shapes of the hoies are substan- 
tially the same. However, the number and shape of 
the notches and holes are not limited to those of this 50 
embodiment. The number of the notches is preferably 
about 3 to 10. and that of the holes is also about 3 to 
10. The outside diameter of the stent 1 is within the 
range of 2,0 to 30 mm, preferably 2.5 to 20 mm. The 
inside diameter is within the range of 1.4 to 29 mm. 55 
preferably 1.5 to 29.4 mm. The length is within the 
range of 10 to 150 mm, preferably 15 to 100 rr.m. 
The super elastic metal for the stent 1 is prefer- 



ably a superelastfc alloy. A super elastic alloy here re- 
fers to an alloy which is generally called "a shape- 
memory alloy" and resumes its original shape after 
being deformed to such a degree that an ordinary 
metal und^goes permanent deformation at the body 
temperature (around 37 °C) at the highest. Preferable 
super elastic alloys are ThNi alloy consisting essen- 
ti^ly of 49 to 53 atom percent of Ni, Cu-Zn alloy con- 
sisting assentiafly of 36.5 to 41.5 wt% of 2n, Cu-Zn- 
X alloy containing 1 to 1 0 wt% of X {X= Be, Si, Sn, A(, 
or Ga), and Ni-AJ alloy consisting essentially of 36 to 
38 atom percent of Al. Ti-Ni alloy is especially prefer- 
able. The mechanical property of Tl-Ni alloy can be 
changed as desired by reinri^ing part of Ti-Ni alloy 
wiUi 0.01 to 30.0 atom percent of X (X* Cu, Pd, or Zr) 
or selecting the reduction ratio of cold worWng and/or 
the conditions of the final heat treatment. 

The buckling strength (yielding stress when a 
load is increased) of the super elastic alloy used is 5 
to 200 kg/mm^ (22 "C), preferably 8 to 150 kg/mm^, 
and the recovery stress (yielding stress when a load 
is decreased) is 3 to 180 kg/mm^ (22 °C), preferably 
5 to 130kg/mm2. 

The stent 1 is made, for example, by forming a 
pipe of a super elastic metal and then removing the 
parts of the pipe at which the notches or holes are to 
be formed, and hence is a single piece without an 
abrupt change in the physical property within it. If 
there is the part at which the physical property 
changes abruptly, that part deforms differently from 
the other parts, distorting the shape of the entire stent 
unnaturally. The distorted shape can cause an un- 
natural blood flow which can cause a constriction 
again. There is also the possibility of breaking from 
that part because of a stress osncentration. However, 
the stent of Ms invention Is made as a single piece 
within which an abrupt change in the physical prop- 
erty does not occur, it has no problems as described 
above. 

The pipe of a super elastic ntetal can be prepared 
by melting a super i^astic alloy such as 71-Ni alloy in 
an inert gas or vacuum to cast an higot, polishing the 
Ingot mechanicaily, hot-pressing and extruding the 
Ingot into a large-diameter pipe, drawing the pipe 
through dies and heat-treating it repeatedly to make 
the pipe thinner in wall thickness arid smaller in out- 
side diameter down to the predetermined wall thick- 
ness and outside diameter, and finally polishing the 
surface of the pipe physically or chemically. 

The notches and holes can be formed in the pipe 
by laser (YAG laser, for example), electrical dis- 
charge, chemical etching, mechanical cutting, or 
combined use of them. 

Next, the stent of the embodiment shown in Fig- 
ure 2 is described below. 

The stent 10 of this embodiment is the same as 
the one shown in Figure 1 in the basic structure. 

This stent 10 is used for a comparatively long 
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ste nosed part or stenosed part in a bent or wound 
bSood vessel. This stent has a shape such that two 
stents, each being the one as shown in Figure 1, are 
connected by a frame segment 6c. This stent 10 is 
also made as a single piece without an abrupt change 5 
in the physical property within it as the one described 
above. 

Specifically, one of the ends of the side frame 
segments 6a of one frame 2a and that of another 
frame 2b are connected by a Intermediate frame seg- ia 
ment 6c. The other ends of the side frame segments 
6a are left fee. Thus connected by only one franw 
segment, the stent 10 can deform easily up to a large 
extent between the frames 2a and 2b, and Is effective 
for ameliorating a comparatively long stenosed partor is 
stenosed part in a bent or wound blood vessel. Fur- 
ther, the stent 10 can produce the desired effect by it- 
self, eliminating the need of using two or more stents. 
The shape of the stent of this invention is not lim- 
ited to those of the stents shown in Figures 1 and 2, 20 
but may be other shapes, such as the one of the stent 
30 shown in Figure 3 which has trapezoidal notches 
at both ends and hexagonal holes disposed as the 
ceils of a honeycomb in the middle portion, and the 
one of the stent 40 shown in Figure 4 which has rec- 25 
tangular notches at both ends and rectangular hdes 
(twice longer than the notches) in the middle portion. 

With the stents of the above embodiments of Fig- 
ures 1 to 4, the difference in the shape and dimen- 
sions of the two states - the expanded state after the 30 
stents are put in the body {released from the pressing 
force) and the compressed state when they are put in 
the body (subjected to a pressing force) - is very 
small. arKi therefore the nriove of the ends in the di- 
retrtion of the axis caused by tiie change of the shape 35 
is also very ^all. As the result, the possibility that 
they can hurt the inside surface of a body wall when 
they expand to their original shape is substantially 
eliminated. 

The stent of this invention may be made of a su- 40 
per elastic metal done, <» the outside surface, inside 
surface or both of them may be coated with an appro- 
priate biocompatiWe materia. For the biocompatible 
material, biologically ctMnpatible synthetic resins and 
metals may be used. 4$ 

For the method of plating the surface of the stent 
with an inert metal, gold plate by electroplating, stain- 
less steel plate by evaporation, and silicon-cartjide, ti- 
tanium nitride or gold plate by sputtering can be used. 

For the synthetic resin, a resin chosen from ther- 50 
moplastic and thermosetting resins such as polyole- 
fin (polyethylene, polypropylene, ethylenepropylene 
copolymer, for example). poly(vinyl chloride), ethy- 
lerte-vinyl acetate copolymer, polyamide elastomer, 
polyurethane, polyester, fluororssin, and siliconerub- 55 
ber can be used. Of these resins, pdyoiefin polya- 
mide elastomer, polyester, poiyurerhane. and biode- 
gradable resins (poiyiactic acid, poiygiycoi acid, and 



copoljmer of them, for example) are preferatiie. It is 
preferable that the coating of the synthetic resin is 
sufficiently flexible not to hinder the frame from bend- 
ing. The thickness of the synthetic resin coating 5 is 
preferably within the range of 5 to 300 ^m, preferably 
10 to 200 urn. 

For the method of coating the surface of the stent 
thin with a synthetic resin, immersion coating that im- 
met^s the frame into a molten or dissolved synthetic 
resin and chemical evaporation that forms a coat over 
the surface of the frame by polymerizing monomers 
on the ajrface can be used. When an extremely thin 
resin coat is required, immersion coating using a di- 
lute solution and chemical eva|»3ration are prefer- 
able. 

Further, to increase the biocompatibility of the 
stent, a coat of an antt-thrombogenic material may be 
formed, or an antl-thrombogenfc material may be 
fixed, for the anti-thrombogenic material, various 
known resins may be used singly or in a mixture. For 
example, polyhydroxyethylmetfiacrylate and a copo- 
lymer of hydroxyethylmethao-ylate and styrene 
(HEMA-St-HEMA Wock copdjmer. for example) are 
preferable. 

Next, the method for manufacturing the stent of 
this invention is described below. 

The method includes at least the process which 
prepares a super elastic metal pipe with an appropri- 
ate outside diameter for the part of the body in which 
the stent is put and the process that makes notches 
and holes in the prepared pipe. 

The pipe of a super elastic metal can be prepared 
by melting (compounding) a super elastic alloy such 
as Ti-Mi alloy in an inert gas or vacuum to cast an in- 
gcA, polishing the ingot mechanically, hot-pressing 
and extruding the ingot into a large-diameter pipe, 
drawing through dies and heat-treating the pipe re- 
peatedly to make the wall thickness of the pipe thinner 
and the outside diameter smaller down to the prede- 
termined dimensions, and finally polishing the sur- 
face of the pipe physically or chemically. 

The process of mal<ing notches and holes in the 
pipe can be perRjrmed by laser shaping (YAG laser, 
for example), electrical discharge shaping, machining 
such as grinding, chemic^ etching, or a combination 
of them. 

Since ttie stents of these embodiments are made 
by working a pipe as described above, the outside di- 
ameter of the pipe becomes the outside diameter of 
the stent as it is. and consequently the precision of 
the dinwnsion of the finished product is very high. 
Thwefore, these stents reliably resume the original 
shape in the stenosed part in which they are put and 
perfonm the function of ameliorating the stenosed 
part Further, since the stents of these embodiments 
are of a single piece with no abrupt change in the 
physical property within it. they do not have the prob- 
lems of breaking from 3 stress concentration or 
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cause an unnatural blood flow by an abnarnal defor- 

matton. 

More specifically, in the process of making notch- 
es and holes in a super elastic metal pipe, first the 
parts of the pipe at which notches or holes are to be s 
made are removed by melting them by electrical dis- 
charge, and the pipe is thereby formed into a frame 
of almost the shape of the finished stent (first proc- 
ess). 

Next, the frame is subjected to the chamfering io 
process which removes edges and burrs of the frame 
(second process). Tliis chamfering is performed, for 
example, by stiotblast using a fine hard abrasive. 

The chamfered frame Is then subjected to the 
chemical etching for removing the tfiermaily denatur- is 
alized parts around the notches and holes (third proc- 
ess: chemical etching). This etching is performed by 
immersing the frame in an etching liquid, for example, 
a mixture of fluoric acid and nitric acid with a little 
amount of hydrogen peroxide added. The removal of 20 
edges and burrs may be accomplished by chemical 
etching simultaneoij^y with the removal of the ther- 
mally denaturalized parts. In that case, ghotWasting 
can be omitted. 

The above first process of the process of making 25 
notches and holes in a super elastic metal pipe can 
also be performed by laser shaping (YAG laser, for ex- 
ample). Laser shaping removes the parts of the pipe 
at which notches and holes are to be made by melting 
them by laser light and forms a frame of almost the 30 
shape of the finished stent in the same manner as 
electric-discharge shaping. 

This process can also be perftwrned by the photo- 
fabrication technique in the following manner. 

First, the inside and outside surfaces of the pipe 35 
are degreased and ciransed. Tills degreasing and 
cleansing are perfomwd by immersing the ftlpe in an 
aqueous solution of a surface-active agent. RO wa- 
ter, or an organic solvent for deansing such as hex- 
ane. AftK" the pipe i$ cftied, a photoresist is applied to 40 
the outside and inside surfaces of the pipe. The pho- 
toresist may be of either pcaitive or negative type. UV 
resist, eiectron beam resist or X-ray resist may also 
be used. The thickness of the photoresist coating is 
preferably within the range of 0.5 to 4 jim. then, the 4S 
photoresist coating is heat-treated at a temperature 
of 80 to 90 °C (pre-baking) to increase the adhesion 
of the photoresist coating to the pipe. 

Next, a masking film with the patterns corre- 
sponding to the shapes of the notches and holes to be 50 
made is wound on the outside surface of the pit« and 
put into tight contact with the surface of the pipe by 
suction (the film used is different according to the 
type of the photoresist). The pipe is then subjected to 
the exposing process. The exposing is performed by 55 
using an extra-high voltage mercury-arc lamp, it is 
preferable to turn the pipe so tnat the entire surface 
is uniformly exposed to light. Next, the pipe is subject- 



ed to the developing treatment. The developing is 
performed by immersing the pipe in a photoresist de- 
veloping reagent. The pipe is then subjected to the 
post-baking treatment which heats the photoresist to 
a temperature from 1 20 to 145 "C. This completes the 
masking process. 

By this masking process, the parts of the outside 
surface of the pipe at which notches or holes are to 
be made exposed, while the other part of the out- 
side surface and the entire inside surface of the pipe 
are covered with the hardened photoresist This pipe 
Is then immersed in an etching liquid. Those exposed 
parts of the pipe are put In contact with the etching liq- 
uid and dissolved by the action of the etching liquid. 
Those exposed parts of the pipe are put in contact 
with the etching liquid and dissolved by the actton of 
the etching liquid, while the part of the pipe covered 
with the hardened photoresist does contact with the 
etching liquid and is not dissolved. By this etching 
process, a frame (unfinished stent) of almost the 
shape of the finished stent is made. 

Next, the hardened photoresist remaining on She 
surface of the unfinished stent is removed. This proc- 
ess is performed by immersing the frame in a solution 
that dissolves liardened photoresist. 

Next, the frame is subjected to shotblast to round 
the edges and remove the burrs as described above. 
This unfinished stent is then immersed in the etching 
solution for a surface treatment. As the result, the 
stent of these embodiment is obtained. 

This stent may be further subjected to a coating 
process for plating a metal or forming a resin coat as 
necessary. 

The indwelling stent of this invention, being made 
as desa-it)ed atiQve, is easy to put into a stenosed 
part. It can reliably dilate a stenosed part and main- 
tain the dilated state, as an effect of using a super 
elastic met^ thatexhibits asuperhigh resilience both 
before and after the stent is put in the body. 

Further, the stent of this invention is of a substan- 
tially circular cylinder and has a plurality of notches 
and holes made in the cylinder to facilitate the defor- 
mation, the difference in the shape and dimensions 
of the two stat^ of the stent - the expanded state af- 
ter the stent is put in the body (released from the 
pressing forca) and the ccmnpressed state when it is 
put in (subjected to the pressing force) - is small, 
hence the move of the ends in the direction of the axis 
caused by the change of the shape is also very small. 
As the resuit, the possibility that the stent can hurt the 
inside surface of a body wall when it expands to its 
original shape is substantially eliminated. 

Further, the length of the stent viewed by means 
of X rays when the stent is put in substantially does 
not change after being put in. Therefore, the stent can 
be easily and accurately put in the intended stenosed 
part. 

Further, the stent does not have the part at which 



7 



13 



EP 0 688 S45 A1 



14 



the physical property changes abruptly. Therefore, 
the possibility of breaking at the part because of a 
concentration of stress is substantially eiiminated if 
the stent is indwelled in a long time. There is also tittle 
possibility that the stent obstructs a smooth blood s 
flow because of an abnormal deformation at the part, 
if used as a stent for dilating a blood vessel. 

By the method for manufacturing the stent of this 
invention as described above, the stent wfth these ad- 
vantages can be easily and effectively manufactured. io 
Further, the stent can be made precisely in the dimen- 
sions, especially the outside diameter, suited to the 
part of the body in which tlie stent is put. Therefore, 
the stent can reilabiy resumes the shape in which it is 
manufactured and ameliOTate a stenosed part when ts 
it Is pot in the body. 

Next, another embodiment of the stent of this in- 
vention is described below with reference to the draw- 
ings. 

Figure 5 is a perspective view of en embodiment 2o 
of the indwelling stent of this invention. Figure 5 is a 
developed view of the stent shown in Figure 5. 

The indwelling stent 100 of this embodiment is 
made of wires 102 in the shape of a substantially cir- 
cular cylinder. This stent is compressed to a smalla-- 25 
diameter when it is put into the body, and is released 
from the load to expand to the shape before it is com- 
pressed after being put in the body. The wires 102 are 
formed reiativefy large in cross section in the middle 
portion 103, and relatively smali in cross section in 30 
both end portions 104. 

The indwelling stent of this embodiment is so 
called a self-expandable stent that is made of wires of 
an elastic material in a substantially circular cylinder. 
The wires in the mddle portion of the stait are fonm«J 35 
relatively large in ca-oss section, and therefore the 
middle pwtion of the stent has an enough rigidity to 
dilate a stenosed part and maintain the openness. 
The wires in both end portions of the stent, on the 
other hand, are formed relatively small in cross sec- 4o 
tion, and hence the end portions of the stent are flex- 
ible and deforms ak5ng the bends m the stenosed part 
and its vicinity, Therefore, the possitrility that the 
stent stimulates the endothelial cells to invoke a hy- 
perplasia of the cells which can cause a stenosis 45 
again is very small. Further, since both end portions 
of the stent are flexible, the insertion of the stent into 
a stenosed part is made easier, and the stent stably 
remains In the stenosed part without shifting out of 
piace. so 

The stent 100 of this embodiment is formed in a 
substantiaiiy circular cylinder whose has an otitside 
diameter within the range of 2.0 to 30 mm, preferably 
2.5 to 20 mm. an inside diameter within the range of 
1 .4 to 29 mm, preferabiy 2.3 to 29.4 mm, and a length 55 
within the range of 10 to 150 mm, preferably 15 to 100 
mm when not compressed, depending on the part of 
the body in which the stent is put The stem is com- 



pressed to a smaller outside diameter when being pot 
into a part of the body, and resumes the original 
shape after being put in and released from the press- 
ing force. Figure 5 shows the state in which the orig- 
inal shape is resumed. 

The stent 100 is made of wires 102. The wires 1 02 
in the middle portion 103 are formed relatively large 
in cross section, and those in both end portions 104 
are formed rerfatively narrow in cross section, it is pre- 
ferable that the wires 102 in the middle portion 103 
are formed wide and those in both end portions 104 
are fonmed nanrow. Since the stent 1 03 of this inven- 
tion is thus made, the middle portion 103 has a rela- 
tively high rigidity enough to dilate a stenosed part 
and maintain the dilated state. On the other hand, 
both end portions 104 are flexible enough to deform 
along the bends in the stenosed part and its vicinity. 

Therefore, the possibility that the ends of the 
stent stimulates the endothelial cells to start a hyper- 
plasia which can cause another stenosis is very 
small. Further, the insertion of the stent into a sten- 
osed part is made easier, and the stent stabiy remains 
in the stenosed part without shifting out of place. 

The diameter of the wires in the middle portion of 
the stent is preferably within the range of 0.10 to 1.0 
mm, and the diameter of the wires In both end por- 
tions is preferably within the range of 0,05 to 0.3 mm. 
Further, the ratio of the diameter of the wires in the 
middle portion to those of the wires in both end por- 
tions is preferably within the range of 3 to 1:1, prefer- 
ably 2 to 1:1. 

The cross-sectional area of the wires in the mid- 
die portion of the stent is preferably within the range 
of 0.01 to 1 mm^, and the cross-sectional area of the 
wires in both end portions is preferably within the 
range of 0.0025 to 0.64 mm^. Further, the ratio of the 
cross-sectional area of the wires in the middle portion 
to th<^ of the wires in both end portions is preferably 
within the range of 9 to 1:1, preferably 4 to 1:1. 

It is fM-eferable that the diameter {or cross- 
sectional area) of wires become gradually smaller 
from the middle portion 103 to both end portions 104, 
though the diameter of the wires may be constant in 
the midcBe portion 103 and in both end portions 104, 
The stent of this structure is suitable for the common 
stenosed parts as shewn in Figure 7. 

The stent 100 of this invention is made of zigzag 
wires 102 each extending helically as shown in Figure 
5. The stent can naliably expands to a iarger diameter 
when resuming the original shape by virtue of the zig- 
zag form of the wires. Further, the stent can bend 
along a stenosed part if the stenosed part is bent by 
virtue of the helical form of the wires as shown in Fig- 
ure 8. However, the stent of this invention must not 
necessarily be formed of helically wound wires, but 
may be formed of braided wires, frame with poiygonal 
notches and holes, or knitted wires, for example, if the 
wires in both end portions 104 are formed thinner 
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than those in the middle portion 103, 

Specifically, the wires 102 of this wnbodiment 
are formed into a zigzag consisting of repeated " <" 
shape as shown in Figure 6 that is a developed view 
of the stent of Figure 5. Further, each wire 102 is s 
formed into a helix by making one segment 112b of 
the "<• shape longer than the other segment 112a. 
The short segment 1 1 2a Is about 5 mm, and the long 
segment is about 8 mm. 

The hefix structure of the stent 100 is fornied of io 
two wires disposed in parallel with each other as 
shown in Figure 8. By thus forming the helix stnuctgre 
of two parallel wires, it becomes possible to make the 
angle a of the heiix to the direction of the axis of the 
stent smaller than the corresponding angle p for the is 
helix structure formed of a single wire (a<p) as shown 
in Figures 9 (a) and (b). As the result the stent can be 
made more flexible. The number of the wires dis- 
posed in parallel with each other may be greater than 
2, for example, 3 or 4. 20 

Since the two wires 102a and 102b in parallel with 
each other are wound helically, wire ends 115a and 
115b, 116a and 116b, 117a and 117b, 118a and 118b, 
and 119a and 119b in Figure 6 continue with each 
other. 25 

The two wires 1 02a and 1 02b are prefera bty con- 
nected with each (Aher at least at two points, for ex- 
ample, at their ends. By connecting their ends so that 
those ends are not left as free ends, the possibility 
that free ends can hurt the inside surface of a body 30 
wall is eliminated, and special processes such as 
roundifjg free ends as required for the wires shown in 
Figure 24 become unnecessary. In this embodiment, 
the md of each wire is connected with the other wb-b 
via a connecting segment as shown in Figure 6. 35 

Further, it is preferabte that the two wires 102a 
and 1 02b are connected with each other In the middle 
portion 103. In this embodiment, the two wires 102a 
and 102b have junction points 111 in the middle por- 
tion 103, By making such junctton points 111, the ca- 4o 
pability of the stent of dilating a stenosed part and 
maintaining the dilated state can be improved, though 
the two wires may be connected at both ends only. 

The material of the wires 102 is preferably a super 
elastic metal, though stainless steel wires may also 46 
be used, of the super elastic metais, a super elastic 
alloy is preferable. A super elastic alloy here refers to 
an alloy which is generally called "a shape-memory 
alloy" and resumes its original shape after being de- 
formed to such a degree that an ordinary metal under- 50 
goes permanent deformation atthe body temperature 
(around 37 °C) at the highest. Preferable super elastic 
alloys include Ti-Ni alloy consisting essentially of 49 
to 53 atom percent of Ni, Cu-Zn alloy consisting es- 
sentially of 38.5 to 41 .5 wt% of Zn. Cu-Zn-X alloy con- 
taming 1 to 10 wt% of X (X = Be, SI. Sn, Al. or Ga}, 
and Ni-AI alloy consisting essentially of 38 to 38 atom 
percent of Al. 



Ti-Ni alloy is especially preferable. The mechan- 
ical property of Ti-Ni alioy can be changed as desired 
by replacing part of Tt-Hi alloy with 0.01 to 10.0 atom 
percent of X (X = Co, Fe, Mn, Cr. V. Al, Nb, W, B), re- 
placing part of Ti-Ni alioy with 0.01 to 30.0 atom per- 
cent of X (X = Cu, Pd, orZr). or selecting the reduction 
ratio of cold working and/or the conditions of the final 
heat treatment. 

The tHJCkltng strength (yielding stress when a 
load is increased) of the super elastic alloy used is 5 
to 200 kg/mm^ (22 °C), preferably 8 to 150 kg/mm^ 
and the recovery stress (yielding stress when a load 
is decreased) is 3 to 180 kg/mm^ (22 'C), j^-eferably 
5 to 130 I^mm2. 

The stent 1 00 is preferably made of a sup^ elas- 
tic metaf pipe as a single piece. Specif icaHy, the stent 
1 00 can be made by removing (cutting or melting, for 
example) the parts of a super elastic metal pipe ottier 
than those parts which become the wire structure. 
The stent 1 00 made by this method becomes a single 
piece without an abrupt change in the physical prop- 
erty within it. If there is the part at which the physical 
property changes abruptly, that part deforms differ- 
ently from the other parts, distorting the shape of the 
entire stent unnaturally. The distorted shape can 
cause an unnatural blood flow which can cause a 
constriction again. There is also the possibility of 
{breaking from that part because of a stress concen- 
tration. 

A super elastic metal pipe used for making the 
stent 100 can be prepared by melting (compounding) 
a super elastic alloy such as Ti-Ni alloy in an inert gas 
or vacuum to cast an ingot, polishing the ingot mech- 
anically, hot-pressing and extruding the ingot into a 
largB'-diamater pipe, drawing through dies and heat- 
treating the pipe repeatedly to make the wall thick- 
ness of the pipe thinner and the outside diameter 
smaller down to the predetermined thickness and di- 
ametw, and finally polishing the surface of the pipe 
physically or diemically. 

The shaping of the super elastic metal pipe pre- 
pared can be perf<MTned by laser shaping (YAG laser, 
for example), electrical discharge shaping, chemical 
etching, mechanical cutting, or a combination of 
them. 

The difference in the shape and dimensions of 
trie two states of this stent - the expanded state after 
the stent is put in the body (releastti from the press- 
ing force) and the compressed state when it is put in 
(subjected to a compressed force) - is very small, and 
the move of the ends in the direction of the axis 
caused by the change of the shape is also very small. 
Therefore, the possibility that the stent can hurt the 
inside surface of a body wall when it expands to its 
onginal shape is substantially eliminated. 

The entire outside surface of the stent is prefer- 
ably chamfered to prevent the edges of the stent of 
hurting the inside surface of the body. 



17 



EP0 6B8 545 A1 



18 



The synthetic resin for coating ttie stent with can 
be chosen from thermoplastic and thermosetting res- 
ins such as polyolefin (polyethylene, polypropylene, 
ethylene-propylene copolymer, for exampie), 
poly(v!nyt chloride), ethyterse-vinyl acetate copoty- 5 
mer, polyamide etastomer, polyurethane, polyester, 
fluoforesin, and silicone rubber. Pdydef In polyamide 
elastomer, pdyestsr and pcriyuretiiane, and biode- 
gradable resins (pdylactic acid, poly^lycol acid, and 
copolymer of them, for example) are preferable. It is io 
preferable that the coating of the synthetic resin is 
sufficiently flexible not to hinder the wire frame from 
bending, The thickness of the synthetic resin coating 
5 is preferably within the range of 5 to 300 jim, pre- 
ferably 1 0 to 200 urn. IS 

For the method of coating the surface of the stent 
thin with a synthetic resin, immersion coating that im- 
merses the wire frame into a molten or dissolved syn- 
thetic resin and chemical evaporation that forms a 
coat over the surface of the wire frame by poiymeriz- 2<i 
ing monomers on the surface can be used. When an 
extremely thin resin coat is required, immeralon coat- 
ing using a dilute solution and chemkal evaporation 
are preferable. 

Further, to increase the biocompatibility of the 25 
stent, a coat of an anti-thrombogenic material may be 
formed, or the same material may be fixed. For the 
anti-thrombogenic material, various known resins 
may be used singly or in a mixture. Forexample, poly- 
hydroxyethylmethacrylate and copolymer of hydrox- 30 
yethylmethaca-ylate and styrene (HEMA-St-HEMA 
bloc^ copolymer, for example) are pi^ferabie. 

For the biocompalibte nwtat, gold, silver, plati- 
num, and titan can be used. 

For the method of plating the surface of the wires 35 
1 02 with a biocompatible metal, gold plate by electro- 
plating, stairriess steel plate by evaporation, and sill- 
con-carbide, titanium nitride or gc^d plate by sputter- 
ing can be used. 

Next, the method for manufactuiing the stent of 40 
this embodiment is described below. 

The method includes at least the process which 
prepares a super elastic metal pipe with an appropri- 
ate outside diameter for the part of the body in which 
the stent is put and the process which removes the 4S 
parts of the prepared pipe other than the part which 
becomes the wire frame. 

The pipe of a super elastic metal can be prepared 
by melting (compoundirsg) a super elastic afloy stich 
as Ti-Ni alloy in an inert gas or vacuum to cast an in- 50 
got, polishing the ingot mechanically, hot-pressing 
and extruding the ingot into a large-diameter pipe, 
drawing through dies and heat-treating the pipe re- 
peatedly to make the wall thickness of the pipe thinner 
and the outside diameter smaller down to the prede- 55 
termined thickness and diameter, and finally polishing 
the surface of the pipe physically or chemically, the 
pipe physically or chemically. 



The process of removing the unnecessary parts 
of the super elastic metal pipe can be performed by 
laser shaping (YAG laser, for example), electrical dis- 
charge shaping, grinding or cutting, or chemical etch- 
ing or a combination of them. 

Since the stent of this embodiment Is made by 
working a pipe as desalbed above, the outside diam- 
eter of the pipe becomes the outside diameter of the 
stent as it is. and consequently the precision of the di- 
mension of the finished product is very high. There- 
fore, this stent reliably resumes the original shape in 
the stsnosed part in which it Is put and performs the 
function of amerftorating the stenosed part. Further, 
since the stent of this embodiment is of a single piece 
with no abrupt change in the physical property within 
it, it does not have the probiems of breaking from a 
stress concentration or cause an unnatural blood 
flow by an abnormal deformation. Moreover, neither 
welding nor soldering, the work condition of which is 
difficult to control, is required. 

Specifically, in the process of removing the un- 
necessary parts of a super elastic metal pipe, first the 
parts of the pipe other than the part which becomes 
the wire frame are removed by melting them by elec- 
trical discharge, and the pipe is formed into almost the 
shape of the finished stent (first process). In this first 
process, the wire frame is formed so that the wires in 
the middle portion are thick (large in cross-sectional 
area) and the wires in both end portions are thin 
(smalt in cross-sectional area). The wire frame may 
also be formed so that the wires in the middle portion 
are wide and the wires in both end portions are nar- 
row. 

Next, the wk-e frame {unfinished stent) is subject- 
ed to the chamfering process which removes edges 
and burrs of the wire frame (second process). This 
chamfering is performed, for example, by shotblast 
using a fine hard abrasive. 

The wire frame is then subjected to the chemical 
etching for removing the thermally denaturalized 
parts of the wire frame around the hdes (third proc- 
ess: chwnlcal etching). This etching is perfonmed by 
immm-sing the shott>lasted wire frame in an etdiing 
liquid, for example, a mixture of fluoric acid and nitric 
acid with a little amount of hydrogen pensxide added. 
The removal of edges and burrs may be performed si- 
multaneously with the removal of the thermally dena- 
turalized parts by chemical etching. In that case, the 
shotblast can be omitted. 

Wh^ the stent of this embodiment is formed of 
Ni-Ti super elastic alfoy, the wire frame may be made 
by first fonning the wire frame of a uniform wire thick- 
ness and then subjecting it to the end-shaping proc- 
ess which makes the wires in both end portions thin- 
ner. This end-shaping process is performed by im- 
mersing the wires in both end portions in a processing 
solution (a mbtture of fluoric acid and nitric acid pre- 
pared at a predetermined concentration). In this proc- 
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ess, each end portion is separately processed. Fur- 
ther, the wires in both end portions can be made grad- 
ually thinner toward the ends by dipping each end por- 
tion in the processing solution and slowly pulling it out 
the solution. This method can be used for the stent of s 
other structures, such as braided wires, frame with 
potygonai notches and holes, or knitted wires as de- 
scribed above. 

The above first process of the wire-frame shap- 
ing process can also be performed by laser shaping io 
(YAG laser, for example), laser shaping removes the 
unnecessary parts of the pipe by melting them by las- 
er light and forms a frame of alriwst the shape of the 
finished stent in the same manner as electricai dis- 
charge shaping. 15 

This can also be performed by the photo-fa brica- 
tion process in the following manner. 

First, the inside and outside surfaces of the pipe 
are degreased and cleansed. This degreasing and 
cleansing are performed by immersing the pipe in an 20 
aqueous solution of a surface-active agent, RO wa- 
ter, or an organic solvent used for cleansing such as 
hexane. After the pipe is dried, a photoresist is applied 
to the outside and inside surfaces of the pipe. The 
photoresist may be either positive or negative type. 
UV resist, electron beam resist, or X-ray resist may 
also be used. The thickness of the photoresist coating 
is preferably within the range of 0.5 to 4 u.-n. "^hen, the 
photoresist coatirig is heat-treated at a temperature 
of 80 to 90 (pre-baking) to increase the adhesion 30 
of the photoresist coating to the pipe. 

Next, a masking film with the patterns corre- 
sponding to the shapes of the parts of the pipe to be 
removed is wound on the outside surface of the pipe 
and put into tight contact with the surface of the pipe 35 
by suction (the film is different according to the type 
of the photoresist). The pipe is than subjected to the 
exposing process. The exposing is performed by us- 
ing an extra-high voltage merajry-arc lamp. It Is pre- 
ferable to turn the pipe so that the entire surface is 4o 
uniformly exposed to light Next, the pipe is subjected 
to the developing treatment The developing is per- 
formed by immersing the pipe in a photoresist devel- 
oping reagent. The pipe is then subjected to the post- 
baking treatment which heats the photoresist to a 45 
temperature from 120 to 145 °C. This completes the 
masking process. 

By this masking process, the outside surface of 
the parts of the pipe to be removed are exposed, 
while the other part of the outside surface and the en- 50 
tire inside surface of the pipe are covered with the 
hardened photoresist. This pipe is then immersed in 
an etching liquid. Those exposed parts of the pipe are 
put in contact with the etching liquid and dissolved by 
the action of the etching liquid, while the part of the 55 
pipe covered with the hardened photoresist does con- 
tact with the etching fiquid and is not dissolved. By this 
etching process, an wire frame (unfinished stent) of 



almost the shape of the finished stent is made. 

Next, the hardened photoresist remaining on the 
surface of the unfinished stent is removed. This proc- 
ess is performed by immersing the wire frame in a 
solution that dissolves hardened photoresist. 

Next, the wire frame is subjected to shotblast to 
round the edges and remove the burrs as described 
above. The wire frame is then immersed in an etching 
solution for a surface treatment. As the result, the 
stent of this embodiment is obtained. 

This stent may be further subjected to a coating 
process for plating a metal or forming a resin coat as 
necessary. 

Skice the indweiiing stent of this embodiment has 
the structure as described above, the middle portion 
of the stent has an enough rigidity to dilate a stenosed 
part and maintain the openness, and both end por- 
tions of the stent are flexible enough to deform along 
the bends in the stenosed part and its vicinity. Be- 
cause of the flexibility of the end portions of the sent, 
the possibility that the ends of the stent stimulates the 
endothelial cells to a hyperplasia which can cause an- 
other stenosis is very small. Further, insertion of the 
stent info a stenosed part is easy. The stent stably re- 
mains in the stenosed part without shifting out of 
place. 

Next, the stenosis-treating device of this inven- 
tion is described below using the embodiment shown 
in the drawings. 

Figure 10 is a front view of an embodiment of 
stenosis-treating device of this invention. Figure 11 is 
a diagrammatic sectional view of the front end portion 
of the stenosis-treating device of this invention. Fig- 
ure 1 2 is an enlarge view of a part of Figure 1 1 . Fig- 
ure 1 3 is a perspecth^e view of an embodiment of the 
indwelling stent used for the stenosis-treating device 
of this invention. Figure 14 is a perspective wew of an- 
other embodiment of the indwelling stent used for the 
stenosis-treating device of this invention. 

The stenosis-treating device 200 of this embodi- 
ment comprises an indwelling stent 202 in the shape 
of a substantisrfly circulsff cylinder which is com- 
pressed to a smallar diameter when being put into the 
body and expands to the original shape after being 
put in the body, a sheath 203 which retains the stent 
202 in the compressed state within it. and a balloon 
catheter 205 equipped with a balloon 204 at the por- 
tion which is passed through the stent 202 and the 
sheath 203 and extends beyond the front ends of the 
stent 202 and the sheath. The balloon catheter 205 
has a projection 206 in the outside surface at the rear 
of the region at which the stent 202 is accommodated 
in the sheath 203 which comes into contact with the 
rear end of the stent 202 and stops the move of the 
stent 202 to let the stent 202 out of the sheath 203 
when the sheath 203 is moved rearward. 

Since the stenosis-treating device of this inven- 
tion has a bailoon catheta- equipped with a dilatation 
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balSoon at the portion extending beyond the front 
ends of the sheath and the stent. It is possible that 
the stenosed part in which the stent is put is dilated a 
certain extent by inflating the baRoon before the stent 
is put in. In addition, the stent can be held at a desired 5 
position in the stenosed part by inflating the balloon 
at the far side of the stenosed part, and therefore a 
seif-expandable stent can be set at an accurate posi- 
tioned, even in thin, sharply bent blood vessels such 
as (xironary arteries. 10 

Further, since the balloon catheter of the steno- 
sis-treating device of this Invention has a projection 
for stopping the move of the stent caused by the rear- 
ward move of the sheath, at the rear of the region at 
which the stent is accommodated in the sheath, the is 
stent comes into contact with the projection and is re- 
tained in the stenosed part out of the sheath, then ex- 
pands and dilates the stenosed part, and securely in- 
dwells in the stenosed part, when the sheath is posh- 
ed into the stenosed part together with the catheter 20 
and the sheath alone is moved rearward. The projec- 
tion prevents to move the sent with the sheath after 
contacting to the stent 

The balloon catheter 205, which is passed 
through the stent 202 and the sheath 203 both of a 25 
suijstantialiy circular cylinder, comprises an inner 
tutje 255 whicli has the first lumen 254 being open at 
the front end, an outer tube 252 which is disposed co- 
axially with the inner tub© 255, has the front end re- 
ceding a predetermined length from that of the inner so 
tube 255, and forms the second lumen 256 between 
the inside surface and the outside surface of the inner 
tube 255. a bailoon 204 which is contractafale or fold- 
able, has a front and rear ends, the rear end being 
bondmj to the outer tube 252 and the frontend being 35 
bonded to the inner tube 255, and communicates with 
the second lumen 256 near the rear end, and a 
branched hub 280 to which the rear ends of the inner 
tube 255 and the outer tube 252 are connected. The 
branched hub 280 has the first opening 259 commu- to 
nicating with the first lumen 254 and the second open- 
ing 251 communicating with the second lumen 266 as 
shown in Figure 16. 

The inner tube 255 has the first lumen 254 with 
the open front end. The first lumen 254 is a lumen for 45 
passing a guide wire 290 through it and communi- 
cates with the first opening 259 made in a guide wire 
port 58 formed in the branched hub 280 (described 
iater). The inner tube 255 is within the range of QAO 
to 2.50 mm, preferably 0,55 to 2.40 mm in outside so 
ameter and within the range of 0.25 to 2.35 mm, pre- 
ferably 0.30 to 1.80 mm in inside diameter. The inner 
tube 255 of this embodiment is formed to be 0,62 mm 
in outside diameter, 0.43 mm in inside diameter, and 
0.045 mm in wall thickness. 55 

The front end portion of the inner tube 255 pre- 
ferably becomes gradiiaiiy smaller in the outside di- 
ameter toward the front end. This taper makes the in- 



sertion into a biood vessel easier. The inner tube 255 
is passed through the inside of the outer tube 252 (de- 
scribed later), and the front end portion extends from 
the outer tube 252. as shown in Figure 12. The sec- 
ond lumen 256 is formed between the outside sur- 
face of the inner tube 255 and the Inside surface of 
the outer tube 252 and has an adequate cfoss- 
sectiona) area. This seeaand lumen 256 communi- 
cates with the inside of the bailoon 204 at the front 
end. The rear end of the second lumen 256 commu- 
nicates with the second opening 251 made in the in- 
jectton port 257 for injecting a liquid for inflating the 
balioon 204 (contrast medium for blood vessels, for 
example) as shown in Figure 16. 

An X-ray shadow producing part 209 is formed at 
the portion of the inner tube 255 inside the tjalloon 
204 (described later). In this embodiment, the posi- 
tion at which the X-ray shadow producing part 209 is 
about the middle position on the axis of the i)ailoon 
204. The X-ray shadow producing part 209 makes it 
possible to know the position of the balloon correctly 
by means of X rays and thereby makes the manipu- 
lation of the catheter easier. For the method for form- 
ing the X-ray shadow producing part, rings or coils of 
an appropriate X-ray opaque material (goid, platinum, 
platinum-iridium alloy, silver, stainless steel, or an al- 
loy of them) may be attached to the outside surface 
of the inner tube 255 by cauiking, for example. 

The outer tube 252 is within the range of 0.60 to 
2.80 mm. preferably 0.80 to 2.60 mm in outside diam- 
eter and within the range of 0.50 to 2.70 mm, prefer- 
ably 0.60 to 2.00 mm in inside diameter The differ- 
ence between the outside diameter of the inner tube 
255 and the inside diameter of the outer tube 252 is 
withm the ramge of 0.05 to 0,20 mm, prefaably 0.1 to 
1 ,20 mm. The outside tube 252 of this embodiment is 
formed to be 1 .0 mm in outside diameter, 0.80 mm in 
inside diameter, and 0.1 mm in wail thidtness. 

For the material for the inner tube 255 and the 
outer tube 252, those materials wth a certain degree 
of flextbiJIty such as thermoplastic resins - polyolef ins 
(polyethylene. p(^ypropylene, ethylene-prap^ene 
ctHJOl^er. for example), pdy(vinyl chloride), ethy- 
lena-vinyl acetate copolymer, pdyamide elastomer, 
polyurethane, pdyester, and fluworesin - and sili- 
cone rubber can be used. Of these resins, the ther- 
moplastic resins are preferable, and poiyolefins are 
more preferably. 

The outside surface of the outer tube 252 may be 
coated with an appropriate biocompatible resin, espe- 
cially an anti-thrombogenic resin. For the anti- 
thrombogenic resin, polyhydroxyethyi-methacrylate 
and a ccpaiymer of hydroxyethyt-methaarylate and 
styrene(HEMA-St-HEMA block copolymer, for exam- 
pie), forexampte, are preferable. 

In the Oaltoon cat^^eter 205 of this invention, the 
baiioon 204 is disposed at the portion of the inner 
tube 252 extending beyond the front ends of the stent 
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202 and the sheath 203 as shown in Figure 11. Since 
a balloon is disposed at this position, the stenosed 
part In which the stent is put is dilated a certain extent 
by inflating the balloon before the stent is put in. In ad- 
dition, the stent can be held at a desired position in the s 
stenosed part by inflating the balloon at the far side 
of the stenosed part, and therefore a self-expandable 
stent can be set at an accurate positioned, even in 
thin, sharpiy bent blood vessels as coronary arteries. 

A balloon 204 is aintractable «r foldable, and is io 
in close contact with or folded on the outside siarface 
of the inner tube 255. The balloon has pa-eferably a 
certain degree of shape-niainlainability and a certain 
degree of elasticity. A h^h elasticity is preferable for 
fixing the catheter in a blood vessel (body cavity, is 
etc.), and a high shape-maintainability is preferable 
for amefioratran of stenosis, Therefore, it is preferable 
that the balloon has both of these properties at certain 
degrees. 

When using a balSoon 204 with a certain degree 20 
of shape-maintainabiiity, it is preferable that the bal- 
loon has a substantially circular cylindrical portion 
43a of substantially the same diameter so that it can 
dilate a stenosed part reliabiy and effectively. The 
substantially 1.50 to 35,00 mm, preferably , but may 2$ 
be a prism. 

The front and rear end portions of the balloon 204 
become gradually smaller toward their respective 
ends. The size of the batioon 204 is within the range 
of 1.50 to 35.00 mm. preferably 2.00 to 30.00 mm in so 
the outer diameter and within the range of 10.00 to 
80.00 mm, preferably 15.00 to 75,00 mm in the length 
for the circular cviindrioa! frartron 43a wher) being in- 
flated. Further, the balloon may also has a low shape- 
maintainability and a high elasticity. 35 

The rear end portion 248 m bonded to the front 
end portion of the outw tube 252 in the liquid-tight 
fashion by an appropriate method such as an adhe- 
sive agent or fusing, and the front end portion 247 is 
bonded to the front end portion of the inner tube 255 «j 
in the liquid-tight fashion by the same method as 
shown in Figures 11 and 12. 

The balloon 204 makes an expandable-and-con- 
tractable closed space 45 between its inside surface 
and the outside surface of the inner tube 255. 4S 

For the material for the balloon, those nvaterials 
with a certain degree of flexibility, shape- 
maintainability, and elasticity are preferabfe. Thermo- 
plastic resins include poiyoiefins (pofyethy!ene, poiy- 
propylene, ethylene-propylene copolymer, etc.), poly- so 
esters {po(y(vtnyi chloride), athylene-vinyl acetate co- 
polymer, bridged ethylene-vinyl acetate copolymer, 
polyurefhane, poiyethyieneterephthalate. etc.}. and 
polyamide elastomers. 

The materials with a high elasticity include sili- 55 
cone rubber, latex rubber, and the like. 

It is preferable that the outside surface of the por- 
tion of the catheter which extends from the front of t.he 
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sheath 203 and is not covered by the balloon has a 
high lubricity. 

For this purpose, the aforementioned outside sur- 
face of the catheter may be covered with a hydrophilic 
pdymer, such as poly(2-hydroxyethylmethacrylate), 
pdyhydroxy-ethylacrylate, hydroxypropylcelluiose, 
methy! viny4 ether mateic anhydride copolymer, poly- 
ethylene glycol, polyacrytamide, or poiyvinyipyrroli- 
done by coating or fixing. The inside surface of the in- 
ner tube may be covered with the same material by 
coating or fixing in order to increase the lubricity 
against the guide wire. 

The branched hub 280 comprises an inniar-Eube 
hub 282 which is connected to the rear end of the in- 
ner tube 255 and has a guide-wire port 258 commu- 
nicating the fist lumen 254 in the inner tube 255 with 
the first opening 259, and an outer-tube hub 283 
which is connected to the rear end of the outer tube 
252 and has an injection port 257 «3mmunicating the 
second lumen 256 between the inner and outer tubes 
with the second opening 251. The inner-tube hub 282 
and the outer-tube hub 283 are connected together. 

For the material for the branched hub 280, ther- 
mof^astic resins such as polycarbonate, polyamide, 
polysulfone, polyallylate, and methacrylate-butyte- 
nestyrene copolymer are preferably used. Instead of 
the branched hub 280, a tubular member which has 
a port portion with an opening In the rear end may be 
connected to each of the first and second lumens in 
the liquid-tight fashion. 

Further, the balloon catheter 205 of this embodi- 
ment has a rigidity-imparting material 211 attached to 
the inside surface of the outer tuba 252 as shown in 
Figure 12. The rigidity-imparting material 211 pre- 
vents sharp bending and improves the torque-trans- 
mitting characteristic of the catheter. It is preferable 
that the rigidity-imparting material 211 is attached 
from the rear end of the outer tube 252 up to near the 
front end, that is, on almost entire length of the outer 
tube 252. The rigidity-imparting material 211 may 
also be attached on the outside surface of the inner 
tube 255. 

The rigidity-imparting material 211 is prefwably a 
mesh. The mash is preferably made of braid, for ex- 
ample, wire braid fonned of wire of a metal such as a 
stainless steef, elastic metal, super elastic metal, and 
shape-memory alloy, 0,01 to 0.2 mm. preferably 0.03 
to 0.1 mm in diameter. Instead of metal wire, fiber of 
a synthetic resin ^ch as polyamide, polyester, and 
polypropylene may be used. 

The liailQon catheter 205 of the stenosis-treating 
device of this invention has a projection {rib) 208 on 
the outside surface at the rear of the region at which 
the stent 202 is accommodated in the sheath 203. 
The projection 206 comes into contact with the rear 
end of the stent 202 and lets the stent 202 out of the 
sheath 203 when the sheath 203 is moved rearward. 
In other words, tbis projection 206 per for ,ms the func- 



25 



EP 0 688 545 A1 



26 



tion to stop the move of the stent 202 being putfed by 
the sheath 203 when the sheath 203 is moved rear- 
ward. 

Since the stenosis-treating device of this inven- 
tion has the projection 206 in the outside surface of s 
the tjalloon catheter, the stent is (eft in the stenosed 
part out of the sheath 203 by positioning the stent held 
within the sheath 203 in the stenosed part and pulling 
the sheath 203 rea-ward. Thus, by this simple struc- 
ture, a self-expandable stent can be easily and accu- 1Q 
ratety put in the desired stenosed part even in thin and 
sharply-bent blood vessels as coronary arteries. 

The projection (ring rib) 206 of this ^bodiment 
Is a ring which has an outside diameter smaller than 
the Inside diameterof the sheath 203 and greaterthan ;5 
the inside diameter of the stont 202 being com- 
pressed to a snrvaller diameter. Therefore, the projec- 
tion 206 does not hinder the move of the sheath 203 
in the direction of the axis. Being in the shape of a 
ring, the projection 206 can reliably come into contact 20 
with the stent 202 and let the stent 202 out of the 
sheath 203. 

The outside diameter of the projection 206 is 
within the range of 1 .0 to 3.2 mm, preferably 1 .1 to 3.0 
mm. The ratio of the outside diameter of the projec- 25 
tion 206 to the inside diameter of the sheath 203 is 
preferably within the range of 90/100 to 100/100. The 
outside diameter of the projection 205 of this embodi- 
ment is 1.40 mm. The inside diameter of the sheath 
203 is 1.46 mm, and the wait thickness of the stent 30 
202 is 0.1 mm as described above. Accordingly, the 
inside diameterof the stent 202 is 1.26 mm, the size 
such that the projection 206 of the outside diameter 
of 1 ,40 mm comes into contact with the stent 202 with- 
out fail. 35 

However, the shape of the projection 206 is not 
limited to a ring, but may be any other shape that can 
reliably stop Nie move of the stent 202 being pulled by 
the rearward move of the sheath 203. For example, 
the projection 206 may be one or more than one sep- 40 
arate radial projections in the outside surface of the 
balloon catheter. In other wwds. the (sojec^ion 206 
may be of any shape if the shape has the stopping 
portion(s) which comes into contact with the rear end 
of the stent compressed and can stop the stent by the 45 
stopping portion(s) without fail. The projection 206 
may be made separately from the outer tube or may 
be fonned as an integrated part of the outer tube. 

The projection 206 is preferably made of an X-ray 
shadow generating material {X-ray opaque material). so 
By thus making the projection 206 of an X-ray opaque 
materia!, the position of the stent can be known easily 
and accurately by means of X rays. To make an X-ray 
opaque projection 206, a ring or coil of an appropriate 
X-ray opaque material (gold, platinum, platinum-iri- 55 
dium alloy, silver, stainless steel, or an alloy of them) 
can be attached to 'he outside surtax of .the outer 
tube 255 by causking, for example. 



The stent 202 used for this stenosis-treating de- 
vice 200 is so called a self-expandabte stent. Specif- 
ically, the stent 202 has the shape as shown in Figure 
1 3 (original shape resumed). The stent 202 of this em- 
bodiment comprises a Circular-cylindrical frame con- 
sisting of two frame sections 220, and holes 224 de- 
fined by frame segments 226a and 226b which make 
the cflTcular-cylindrical frame 220 and notches 22S de- 
fined by frame segments 226a. The frame 220 has 
two ends 223a and 223b. 

For the material formaking the stent (frame), syn- 
thetic resins and metals can be used. 

The synthetic nssins are those which have both 
a certain degree of rigidity and elasticity. Biocompat- 
ible resins - specifically, polyolef in (polyethylene and 
polypropylene, etc.). fluororesin (PTFE, ETFE, etc.), 
and biodigestable materials such as polylactic acid, 
p(^yglyool acid, and copolymer of polylactic acid and 
pdyglycol acid - are preferable. 

The metals are preferably those with biocompa- 
tibility, such as stainless steel, tantalum, and Ni-Ti al- 
loy. Super elastic metals are especially preferable. 

The stent 222 is made preferably as a single 
piece without an abrupt change in the physical prop- 
erty within it. Tlie stent is made, for example, by pre- 
paring a pipe of an outside diameter appropriate for 
the stenosed part in which the stent is used, removing 
the unnecessary parts of the pipe by physical proc- 
essing or chemical etching. 

Since the stent 202 has the notches 225 made at 
the end portions, deformation of the end portions of 
the stent, especially local deformation of the end por- 
tions is made easier, and hence the response to the 
deformation of the blood vessel in which the stent is 
indwelling is improved. Further, since the ends 223 
are formed fay the ends of a plurality of frame seg- 
ments 226a, the ends 223 have a sufficient strength 
not to collapse. Furthermore, since the hd^ 224 de- 
fined by the frame segments 226a and 226b are 
made, these holes 4 m^e easier the deformation of 
the middle part of each frame section, hence the 
stent, especially in the direction to which the outside 
diameter decreases. 

The number and shape of the notches and holes 
are not limited to those shown in Figure 13. The num- 
ber of the notches is preferably within the range of 
about 3 to 10, and Itiat of the holes is also preferably 
within the same range. 

The frame 220 (stent) is within the range of 2.0 
to 30 mm. preferal^y 2.0 to 20 mm in outside, 1.4 to 
29 mm, preferably 1.6 to 29.4 mm in inside diameter, 
and 10 to 150 mm, preferably 15 to 100 mm in length, 
The shape of this stent is not limited to that shown 
in Figure 13. and may be a shape with trapezoida) 
notches at the ends and hexagonal holes disposed in 
a honeycomb pattern in the middle portion, or rectan- 
gular notches at the ends and rectangular holes 
(twice losiger than the riotches) in the middle. 
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The super elastic metal for this stent is preferably 
a super elastic alloy. Super elastic alloy hererefers to 
an ailoy which is generally called "a shape-inerr.ory 
alloy" and resumes at the body temperature (around 
37 at the highest its original shape after being de- s 
formed even to such a degree that an ordinary metal 
undergoes permanent deformation. 

Preferable super elastic alloys are Ti-Ni alloy con- 
sisting essentially of 49 to 53 atom percent of Ni. Cu- 
2n alloy consisting essentially of 38.S to 41.5 wt% of io 
Zn, Cu-Zn-X alloy containing 1 to 10 vsrt% of X = Be, 
Si, Sn, Al. or Ga). and Ni-AI alloy consisting essential- 
ly of 36 to 38 atom percent of Al. Ti-Ni alloy is espe- 
cially preferable. The mechanical property of Ti-Ni ai- 
loy can be changed as desired by replacing part of Ti- f s 
Ni alloy with 0.01 to 30.0 atom percent of X (X = Cu. 
Pb. or Zr) or sheeting the reduction ratio of cold work- 
ing and/or the conditions of the final heat treatment 

The budding strervgth (yielding stress when a 
load is increased) of the super elastic alloy used is 5 20 
to 200 kg/mm2 {22 fweferably 8 to 1 50 kgfmrrfi, and 
the recovery stress (yieiding stress when a load de- 
creased) is 3 to 180 kg/mm2 {22 'C), preferably 5 to 
130kg/mm2, 

Since the stent 202 of this wnbodiment is made, is 
for example, by using a pipe of a super elastic metal 
and removing the parts of the pipe at which the notch- 
es or holes are made, it is a single piece without an 
abrupt change in the physical property within it. 

if there is a part at which the physical property 30 
changes abruptly, that part deforms differently from 
the other parts, distorting the shape of theentire stent 
unnaturally. The distorted shape can cause an un- 
natura! blood flow which can cause a constriction 
again. There is also the possibility of breaking from 35 
that part because of a stress concentration. 

However, the stent of this invention is made as a 
single piece without an abrupt change in the physical 
property within it as deca'ied above, it has no problems 
as described above, 40 

The shape of the stent is not limited to the one de- 
saibe above, and may be any other shape which can 
be compressed to a smaller diam^er when put tn the 
body and expand (resume) to the original diameter af- 
ter being put in the body, for example, coil, drcular cy- 45 
Under, non-circular cjdinder, roll, flat-s(»ing coil, cage, 
or mesh. 

The stent used for the stenosis-treating device of 

this invention may also be the me shown in Figure 14. 
The stent 242 comprises a frame 242a which is of a 50 
substantially-circular cylinder and can be com- 
pressed to a smaller diameter, a layer of a thermo- 
plastic resin with which the frame 242 is coated, and 
a cylindrical cover 243 which closes the openings in 
the cylindrical wall of the frame 242a and is bonded 55 
to the thermoplastic resin. 

The difference between this stent 242a and 
aforementioned stent 202 is that the stent 242a has 



the cylindrical cover 243 on either side or both sides 
of the cylindrical wait. Therefore, the notches and 
holes In the cylindrical wall are closed by the cover 
243, and the entrance of the body tissue into the stent 
can be prevented. Further, the cylindrical cover 243 
is welded to the thernnoplastic resin, it does not come 
off the frame 242a before and after the stent is put in 
the body. 

The stent 202 or 242 made as described above 
is held by the inside surface of the front end portion 
of the shea* 20Z in a compressed state. Since the 
stent has a recovering force, tt pnasses against the in- 
side surface of the sheath 203 radially and Is held in 
tight contact with the inside surface of the sheath 203. 

The sheath 203 is a tube as shown in Figures 10 
and 12, and has a front end opening 203 and a rear 
end opening (not shown) in the front and rear ends. 
The front end opening 230 is an exit for the stent 202 
when the stent 202 is left in the stenosed part out of 
the sheath 203. The stent 202 put out of the sheath 
203 is released from the pressing force, and expands 
to resume the original shape. 

A Y-shaped connector 233 Is secured to the rear 
(distal) end portion provided with a rear opening in the 
rear end by means <^ a connector 232 as shown in 
Figures 10 and 15. 

This stenosis-treating device has means for Sock- 
ing the sheath 203 with the catheter in a releasable 
manner (locking mechanism). Specifically, the Y- 
shaped connector 233 is provided with an adapter 
234 at the rear. When this adapter 234 is turned in the 
clockwise direction, the Y-shaped connector is locked 
with the outer tube 252 of the balloon catheter 205 
passing through it, and the sheath 203 cannot be 
moved on the balloon catheter 205 in the direction of 
the axis. When the adapter 234 is turned in the coun- 
terclockwise direction, the lock is released, and the 
sheath 203 becomes free and can be moved on the 
catheter 205 in the direction of the axis. 

Since the stenosis-treating device of this inven- 
tion has the locking mechanism for lo<Aing the sheaUi 
and ball<X)n catheter with each other, the balloon 
catheter and sheath can be inserted into or pulled out 
of the body together by grasping either one or both of 
them when they are locked, and releasing of the stent 
at an unintended place can be prevented. Since the 
locking mechanism has a releasing mechanism, the 
sheath can be readily freed from the baHoon catheter 
when necessary, and release of the stent becomes 
possible. 

Specifically, the adapter 234 is of a cylinder and 
has the inside surface which becomes gradually 
smaller in the diameter from the front end rearward. 
This tapered surface is provided with a thread to 
make the first screw-coupler 234. The rear end por- 
tion of the Y-shaped connector is provided with a plur- 
ality of silts 233a extending in the direction of the axis. 
The outside surface of this rear end portiofi is tapered 
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and provided with a thread to make the screw-ojupler 

233b. 

When the adapter 234 is turned In the clockwise 
direction, the coupling of the fferst and secxjnd screw- 
couplers is tightened, and thereby the inside surface 5 
of the rear end portion of the Y-shaped connector is 
pressed on the outside surface of the outer tube 252 
of the balloon catheter 205, locking the sheath 203 
with the balloon catheter 205. 

When the adapter 234 is turned in the counter- io 
clockwise direction, the coupling of the first and sec- 
ond screw-couplers is loosened, and the locking is re- 
leased and the sheath 203 cart be moved on the bal- 
loon catheter 205 in the direction axis. 

The lodting mechanism is not limited to the con- is 
struction described above. For example, the first 
screw-coupler is formed in ^e tapered stf face which 
is fonmed in the rear end portion of the Y-shaped con- 
nector arvd becomes gradually larger in inside diame- 
ter toward the rear end, and the second screw- 20 
coupler is formed on the tapered front end portion of 
the adapter 234 which becomes gradually smattar in 
the outside diameter toward the front end and is pro- 
vided with slots in the direction of the axis. 

The Y-shaped connector is preferably provided 25 
with means for seating the space between the sheath 
203 and the balloon catheter 205 in the liquid-tight 
fashion in the inside surface. 

The sheath 203 is preferably provided with an X- 
ray shadow generating part 212 on the outside sur- 30 
face. In this embodiment, an X-ray shadow generat- 
ing part 21 2 is disposed on the outside surface of the 
portion of the sheath in which the stent is held. This 
X-ray shadow generating part 212 makes it easier to 
know the position of the sheath 203 under X-rays. 35 
Further, when the projection 206 {described later) is 
made of an X-ray opaque material, the relative posi- 
tion between the sheath 203 and the balloon catheter 
205 can l>e known by the X-nay shadow generating 
part 212 and the proje<aion 206, and hence the oper- 40 
ation of the device is nr»de easier. 

Further, the position at whidi the X-ray shadow 
generating part 21 2 Is disposed may be the front end 
of the sheath 203. 

When the X-ray shadow generating part 212 is 45 
disposed at the position near the projection 206 as in 
this embodiment, the release of the stent can be per- 
formed by watching the X-ray shadow generating part 
2 1 2 moving away from the j^ojectiort 206. When the 
X-ray shadow generating part 212 is disposed at the so 
front end of the sheath 203, on the other hand, the re- 
lease of the stent can be performed by watching the 
X-ray shadow generating part 212 moving closer to- 
ward the projection 206. 

The X-ray shadow generating part can be formed 55 
by attaching an appropriate X-ray opaque material 
(gold, platinum, piatinum-iridium alloy, silver, stain- 
)ess steel, of an al'oy of them) on the outside surface 



of the sheath 206 or burying it in the outside surface 
or Inside surface of the sheath 206. Further, the sur- 
face of the sheath 203 is preferably made smooth 
without steps after the X-ray shadow generating part 
212 is formed. 

The sheath 206 is within t,he range of 1.16 to 4.2 
mm, preferably 1.3 to 3.8 mm in outside diameter, 
within the range of 1.0 to 3.2 mm, preferably 1.1 to 3.0 
mm in inside diameter, and within the range of 0.08 to 
0.50 mm, preferably 0.10 to 0.3 mm. 

In this example, the outside diameter is 1.7 mm, 
inside diameter is 1,46 mm, wall thickness is 0.12mm. 

The material for the sheath 203 is preferably a 
thennncqslastic eiastom^- selected from nylon, ur- 
ethane, polyester, and olefin from the physical prop- 
erties requested of the sheath (flexibility, rigidity, 
strength, kink resistance, and elasticity). 

Further, the outside surface of the sheath 203 is 
preferably treated to increase the lubricity. 

For this purpose, the outside surface of the 
sheath 203 may be covered with a hydrophilic poly- 
mer, such as pojy(2-hydroxyethyl-methacry!ate), 
polyhydroxy-ethylacryl ate. hydroxy propylceil ulos e, 
methyi vinyl ether maleic anhydride copolymer, poly- 
ethylene glycol, polyacrylamide, or polyvinylpyrroli- 
done by coating or fixing. 

The inside surface of the sheath 203 may also be 
covered with the same material by coating or fixing in 
order to increase the lubricity against the balloon 
catheter 205, 

Next, another embodiment of the stenosis-treat- 
ing device of this invention is described below with 
reference to Figure 20. 

The difference between the stenosis-treating de- 
vice 231 of thisembodlmentand the stenosis-treating 
device 200 of the embodiment described above is 
that the balloon catheter 205 of the stenosis-treating 
device 231 of this eirtsodiment has a balloon protect- 
ing nroans 214 dteposed in the rear of the balloon and 
in the front of the sheath 203. The other construction 
is the same. The corresponding components of the 
two stenosis^treattng devices are designated by the 
same reference numbers. 

Since the stenosis-treating device 231 of Ais em- 
bodiment has such a balloon protecting means 214, 
the balloon protecting means 214 comes into contact 
with the front end of the sheath 203, and the balloon 
204 does not enter the inside of the sheath 203 if the 
balloon catheter 205 alone is puiied rearward or the 
sheath 203 alone is pushed frontward. Therefore, the 
problem that the balloon can be damaged by the 
sheath 203 or the stent 202 is solved. 

Specifically, the balloon protecting means 214 of 
this embodiment is a ring-shaped projection which 
has an outside diameter greater than the inside diam- 
eter of the sheath 203. The outside diameter of the 
baltoon protecting means 214 is preferably smaller 
than the outside diameter of the sr'ieath 203, The bai- 
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loofi protecting means 214 may be formed as a part 
of the outer tube of the baifoon catheter. The balloon 
protecting means 214 may be made of an X-ray opa- 
que material, and may also be one or more than one 
separate projections disposed on the outer tube of 
the balloon catheter. 

Next, the use of the stenoste-treating device of 
this invention is described below with reference to 
Figures 17 to 19. 

First, a guide wire 290 is inserted from the first 
opening 259 of the twanched hub 208 and passed 
through the intended stenosed part 295 by the con- 
ventional technique. Next, the stenosis-treating de- 
vice 200 of this invention is advanced along the guide 
wire up to a point near stenosed part 295 in a hollow 
organ 96. The position of the stenosed part is con- 
firmed beforehand, for example, by Injecting a con- 
trast medium into the hollow organ from a guiding 
catheter connected to the entrance of the hollow or- 
gan {entrance of coronary arteries, for exampie). 

Next, the stenosis-treating device 200 is careful- 
ly advanced to accurately position the balloon 204 in 
the stenosed part as shown in Figure 17{b}, then a liq- 
uid for inflating a balloon is injected from the second 
opening 251 to inflate the balloon 204, When inflated, 
the balloon 204 dilates the stenosed part Some sten- 
osed parts can be ameliorated up to about 90% 
though others are not ameliorated at all, depending 
on the types of stenosis. 

The stenosis-treating device of this inventton 
thus can dilate the stenosed part a certain extent be- 
fore putting the stent in the stenosed part by inflating 
the b^loon in the sterused part The position of the 
balloon is checked from the X-ray shadow producing 
part 209. 

Then, the balloon 204 is deflated, and the steno- 
ste-treating devic» 2{X> is further advanced to posi- 
tion Hie front end portion of the sheatti 7X13 in which 
the stent 202 is held in the stenosed part 295 as 
shown in Figure 18{a). This positioning Is performed 
by watching the projection 7X)6 made of an X-ray opa- 
que material by means of X rays. Then the balloon 
204 is inflated again and fixed in the hollow organ as 
shown in Figure 18{b). Thus fay inflating the balloon 
on the far side of the stenosed part, the stenosis- 
treating device of this invention can be fixed even in 
a thin, sharply bending hollow organ as coronary ar- 
teries. Therefore, a self-expandable stent can be ac- 
curately positioned m the intended stenosed part. 

Hext, the adapter 234 attached to the Y-shaped 
connector 233 is turned in the counterclockwise di- 
rection to release the locking between the sheath 203 
and the balloon catheter 205, and the sheath 203 is 
moved rearward on the balloon catheter 205. By this 
move of the sheath 203, the rear end of the stent 202 
held in the sheath 203 comes into contact with the 
projection 206 of the balloon catheter 205, and the 
stent 202 is left out of the sheath 203 through the front 



end of the sheath 203. This state Is shown in Figure 
19(a). The relative position of the sheath 203 to the 
balloon catheter 205 is known from the X-ray shadow 
producing part 212 of the sheath 203 and the projec- 

5 tion 206 of the balloon catheter made of an X-nay opa- 
que material. 

Finally, the balloon is deflated, the balloon cath- 
eter 205 together with the sheath 203 is pulled out 
from the hdlow organ 96. 

10 As describe above, the stenosis-treating device 
of this invention makes it possit^e to put a self- 
expandable stent a<xnjratety and easily in an intended 
stenosed part even in a thin, sharply bending blood 
vessel as OM-onary arteries by the simple construc- 

J5 tion. 

Next, concrete exanpiea of the stent of this in- 
vention are described blow. 

Example 1 

20 

A super elastic metal pipe, 7.8 mm in outside di- 
ameter, 7.0 mm in inside diameter and about 15 mm 
in length, was prepared by cold-drawing an alloy pipe 
of Ti-Ni alloy (Ni: 51 atom%). 

25 Next, an unfinished stent (frame) as shown in 

Figure 1 was made of the pipe by using an NC elec- 
tric-discharge machine (equipped with A3R rotary 
head) manufactured by SOLOIC with the super elas- 
tic metal pipe on the movable side and the metal tem- 

30 plats on the fixed side. This discharge processing 
was p^ormed with the processing current of 2A and 
the servo voltage of 3 to 4 V. The width of the frame 
segment 68 shown in FIgurs 1 of the frame obtained 
by this processing was 0.45 rran. 

35 Next, the frame stent was blast-treated using 

glass beads 15 to 30 |im in diameter under a pressure 
of 2 to 3 kg/cm^. The frame was rid of edges and bunrs 
by this blast treatment. As the result, the width of the 
frame segment 8a shown in Figure 2 became to 0.40 

40 mm, 

Neydt, the thermally denaturalized parts occurring 
on the outside surface and around the removed parts 
dt^ing tiie electnc-discharge processing were re- 
moved. This process was performed by removing the 

45 outside surface of the frame by cf»emical etching 
which immersed the frame for about 2 minutes in a 
treatment liquid (about 40 °C) prepared by mixing 
fluoric acid and nitric acid and adding a little amount 
of hydrogen peroxide. The shape of the frame after 

50 this ohemtcai etching was as shown in Figure 1. The 
average outside diameter was 7,6 mm, the average 
wall thickness was 0.19 mm, and the average width 
of the frame segment 6a was 0.35 mm. 

TTiis finished stent resumed the manufactured 

55 shape after it was deformed by fingers. Therefore, the 
thermally denaturalized parts (the parts which do not 
exhibit super elastic) were afmost all removed. 

This stent can be used for amelioratiRg iliac ar- 
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tery, femoral artery, and bile dutrt. 



Example 4 



Example 2 

A super elastic metal pipe, 4.2 mm in cwtside di- 
ameter, 3.6 mm in inside diameter and about 15 mm 
in length, was prepared by cold-drawing an alloy pipe 
of Ti-Ni alloy {Ni: 51 atom%). 

This pipe was then subjected to laser processing 
by using YAG laser machine (ML-4140A, manufac- 
tured by Miyachi Tecnos), This laser processing was 
performed by Inserting a stainless-steel mandrel, 3.6 
mm in diameter and 100 mm in length, into the pipe, 
and two time of repetition of shining laser light under 
the operating condition (eletrtric current: 16 A, Oper- 
ating speed: 10 mm/min.). By this laser processing, 
an unfinished stent (frame) oonsistfrig of two Identical 
stents connected with each other as shown in Figure 
2 was made. The average wire diameter of this frame 
was 0,35 mm. 

Next, the frame was blast-treated using glass 
beads 15 to 30 jim in diameter under a pressure of 2 
to 3 kg/cm2. The frame was rid of edges and burrs by 
this blast treatment. As the result, the average wire di- 
ameter of the frame became 0.31 mm. 

Next, the thermally denaturalized portions in the 
periphery of the wires which occurred during the laser 
processing were removed. This process was per- 
formed by removing the outside surface of the frame 
by chemical etching which immersed the frame for 
about 2 minutes in a treatment liquid {about 40 "C) 
prepared by mixing fluoric acid and nitric acid and 
adding a little amount of hydrogen peroxide. The 
shape of Uie frame after this chemical etching was as 
shown in Figure 1 . The average outside diameter was 
4,06 mm and the average wire diameter was 0. 1 5 mm. 

This finished stent resumed the manufactured 
shape after it was deformed by fingers. Therefore, the 
themtally denaturalized parts (the parts which do not 
exhibit super elastic) were almost completely re- 
moved. This stent can be used for ameliorating cor- 
onary arteries. 

Example 3 

The stent made in example 2 was gold-plated on 
the entire surface to increase the btoctMTspatibilrty. 
This gold foaling was performed by immersing 

the stent made in example 2 in the plating bath by dis- 
solving potassium cyanoaurate in a sulfamic add der- 
ivative plating bath {product name; AurofSex T1. To- 
kurikihonten) heated to about 40 'C. By this process, 
a fusterless gold-piate iayer of 1 .8 |im was formed on 
the surface of the stent. 

This stent can also be used for ameliorating cor- 
onary arteries as the stent of example 2. 



A super elastic meta! pipe, 4.2 mm in outside di- 
ameter, 3.6 mm in inside diameter and about 15 mm 
5 in length, was prepared by cold-drawing an alioy pipe 
of Ti-Ni atloy (Ni: 51 atom%). 

This super elastic metal pipe was degreased and 
cleansed by first immersing the pipe in an aqueous 
solution of a surface-active agent and next in RO wa- 
10 Eer. and after drying the pipe, immersing It in hexane. 
The sup^ elastic metal pipe was dipped In a pho- 
toresist solution (positive photoresist, product name; 
OFPR-800, Tokyookakogyo), and a coating of about 
2 Mm in thickness was formed on the Inside and out- 
1$ side surfaces. This pipe was prebaked at 85 "C for 30 
minutes. 

Amasldng film was prepared by cutting away the 
parts conresponding to those parts of the pipe at 
which notches or holes are to be made. This film was 
20 wound on the outside surface of the pipe and psjt into 
tight contact with the surface of the pipe by suction. 

The pipe was then subjected to the exposing 
process. This exposing was performed by using an 
extra-high voltage mercury-arc lamp with an output 
25 povrer 3 mW and luminous exposure 250 mJ/cm for 
15 seconds rotating the pipe at a speed of 300 rpm. 

Next, the pipe was immersed in a developer 
(product name: NMP, Tokyookakogyo) for develop- 
ment. Then, the pipe was postbaked at 1 30 "C for 30 
30 minutes. 

Next, an etching liquid was prepared by mixing 
distilled water 20 ml, glycerol 45 ml, nitric acid (spe- 
cif ic gravity: 1.40) 25 ml. and fluoric acid (40%) 1 mt. 
The pipe with the developed photoresist was Im- 
35 mersed in this etching liquid heated io about 40 "C for 
about 20 minutes. 

The pipe was then dipped in aoeton to dissolve 
the photoresist. Thus, the parts at which notches or 
holes to be made were removed from the super elas- 
40 tic metal pipe, and an unfinished stent(frame) of the 
shape as shown in Figure 2 was obtained. The wire 
diameter b of this frame was 0.32 rrart. 

The frame has side edges peculiar to wet etching 
formed by the above etching process. To remove the 
45 side edges, the frame was blast-treated by using 
Next, the frEune was blast-treated by using glass 
beads 15 to 30 |jm in diameter under a pressure of 2 
to 3 kg/cm^. The frame was rid of edges and burrs by 
this blast treatment. 
50 To improve the surface condftlon, the blast- 
treated frame was further subjected to a surface 
treatment, which chemically etched the surface by 
immersing the frame for about 2 minutes in a surface- 
treating liquid (about 40 ='C) prepared by mixing f!uo- 
55 ric acid and nitric acid and adding a little amount of 
hydrogen peroxide. 

The frame after this chemical etching (finished 
stent) was as shown in Figure 2. The average outside 
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diameter was 4. 12 mm and the average wre diameter 

This stent resumed the manufactured shape after 
it was deformed by fingers. Therefore, the thermally 
denaturaiized parts (the parts which do not exhibit su- s 
per eiastic) were almost compfetely removed. 

This stent can be used for am^ioraling coronary 
arteries. 

Example 5 lo 

A super etastic metal pipe. 7.5 mm in outside di- 
ameter, 7.0 mm k\ inside diameter and aixHJt 50 mm 
in length, was prepared by cold-drawing an alloy pipe 
of Tj-Ni alloy (Ni: 51 atom%). is 

This pipe was then subjected to laser processing 
by using YAG laser machine SL116E (equipped with 
a X-Y table) nrranufactured by NEC under the operat- 
ing condition of an electric cajrrent 29 A, speed 1 0 
mm/min., and Q switching frequency 1 kHz rotating 20 
the pipe. 

Next, the unfinished stent (frame) was blast- 
treated using glass beads 1 5 to 30 urn in diameter un- 
der a pressure of 2 to 3 t<g/cm^. The frame was rid of 
edges and burrs by this blast treatment. 25 

Next, the thermally denaturalized portions in the 
periphery of the wire segments which occurred during 
the laser processing were removed. This process was 
performed by chemical etching which immersed the 
frame for about 2 minutes in a treatment liquid (about 30 
40 "C) prepared by mixing fluoric acid and nitric acid 
and adding a little amount of hydrogen peroxide. 

By this chemical etching, the wire segments be- 
came substantially rectangular with the ^ges re- 
moved in cross section. 3S 

The wires In the middle portion were 0.4 nun in 
wire diameter and 0.C92 cm^ in cross-sectional area 
[0.4 (wire diameter: length of the horizontal sides of 
the rectangle) x 0.23 (thickness; length of the vertical 
sides of the rectangle)}, 40 

The wires In both side portions were 0.3 mm in 
wire di^neier and 0.039 cm^ in cross-sectionai area 
[0.3 (wire diameter length of the horizontal sides of 
the rectangle) x 0.1 3 (thictaiess: length of the vertical 
sides of the rectangle)]. 4S 

The ratio of the wire diameters (middle portion : 
end portion) = 1.3: 1. 

The ratio of the cross-sectional areas (middle 
portion : end portion ) = 2.4: 1. 

The recovering force of the finished stent of this so 
example was measured by depressing the middle 
point and both ends of the stent 2 mm with a push-puti 
gauge. The recovering force was 370 g at the middle 
point and 150 g at both end. The stent resumed to the 
manufactured shape when the pressure was re- ss 
moved. This stent can be used for ameliorating cor- 
onary arteries. 



Example 6 

The stent made in example 5 was gold-plated on 
the entire surface to increase the biocompatibility. 

This gold plating was performed by immersing 
the stent made in example 1 in the plating bath pre- 
pared by dissaving potassium cyanoaurate in a sul- 
famic add derivative plating bath (product name: Aur- 
oflex T1. Tokurikihonten) heated to about 40 "C, By 
this process, a lusteiiess gold-plate layer of 1.8 |jm 
was fonned on ttie surface of the stent. 

This stent can also be used for ameliorating cor- 
onary arteries as the stent of example 1. 



Claims 

1 . A stent characterized by 

being made of a super elastic metal exhib- 
iting a super elastic both in and out a body in a 
substantially circular cylinder, 

having a high deformabtlity to deform in a 
direction to which an outside diameter becomes 
smaller when a pressure is applied which is pro- 
vided by a plurality of notches or holes made in a 
c^indfical wall, and 

being made as a single piece without 
abrupt change !n a physical property within it. 

2. A stent of claim 1, wherein said shape of said 
holes has a shape of a substantially circle or a 
polygon 

3. A stent of claim 1 , wherein said holes are ICHiger 
in a direction of an axis of said stent than in a di- 
rection perpendicular to said axis of said stent. 

4. A stent of claim 1 , wherein a surface of said stent 
is coated with a biocompatible material. 

5. A stent of daim 1 , wherein said stent has rectan- 
gular notches at both ends and rectangular holes 
in a middle portion of said stent 

6. A stent of daim 1 , wherein said stent has a cylin- 
drical openwork frame and holes defined by side 
frame segments of said cylindrical openwork 
frame and middle frame segments of said cylin- 
drical openwork frame and notches defined by 
side frame segments. 

7. A stent of daim 1 , wherein said holes are rectan- 
gular holes which are longer in a direction of an 
axis of said stent than in a direction perpendicular 
to said axis of said stent. 

8. A stent of claim 1 , wherein said stent has middle 

frame segments and two side frame segments 
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branching and extending from both ends of each 
mkldte frame segment, and two side frame seg- 
ments converge together at both ends of said 
stent 

s 

S. A stent of claim 8, wherein said two side frame 
segments constitute an isosceles triangle as 
equai sides. 

10. A stent of claim 1, wherein said holes have the jo 
shape of a compressed hexagon, and said notch- 
es have the shape of an isosceles triangle. 

1 1 . A stent of claim 1 , wherein said stent Is made from 

a supper elastic metal pipe. is 

12. A stent of claim 6 or 8, wHierein said stent has a 
shape such that one of the end of the side frame 
segments of one cylindrical frame and one of the 

end of the side f i^me segments of another cylin- 20 
drical frame are connected by a intermediate 
frame segment. 

13. A method for manufacturing an indwelling stent 
comprising the following steps: Z5 

preparing a substantially circular cylindri- 
cal super elastic metal pipe which has an outside 
diameter suited for the part of the body in which 
the sent is put, 

mailing a plurality of notahes or holes in 30 
the cylindrical wjril of said pipe by removing un- 
necessary parts in a cylindrical wall. 

14. A method of claim 13, wherein said step of mak- 
ing a plurality of notohes or holes in the cylindrical 35 
wall of said pipe is performed by melting or ait- 

ting the unnecessary parts of a <^indrical wall of 
said pipe. 

15. A method of claim 13, wherein said step of mak- 40 
ing a plurality of notches w holes in the cylindrical 

wall of said pipe is performed by chemically etch- 
ing the unnecessary psurts of a cylindrical w^l of 
said pipe. 

4S 

16. A method of claim 13, wherein said step of mak- 
ing a plurality of notches or holes in the cyliridrical 
wall of saM pipe is performed by the fdlowtng 

steps: 

making an ursfinishKi stent of aimost the 50 
shape of the finished stent by cutting or melting 
the unnecessary parts of said pipe, and 

removing a thermally denaturalized por- 
tions in a periphery of said unfinished stent which 
occur during said step of malting an unfinished 55 
stent. 

17. A method of dairti 13. wherein said step of mak- 



ing a plurality of notches or holes in the cylindrical 
wall of said pipe of performed by the following 
steps: 

making an unfinished stent of almost the 
shape of the finished stent by cutting or chemical- 
ly etching the unnecessary parts of said pipe. 

removing edges and burrs of said unfinish- 
ed stent, and 

removing a thermally denaturalized por- 
tions in a periphery of said unfinished stent which 
occur during said step of making an unfinished 
stent. 

18. A ^ent which is made of wires in a substantially 
circular cylinder, put in the body in the state 
compressed to a smaller outside diameter, and 
resumes the shape before being compressed af- 
ter being put in the body, char^terized by said 
wires are thicker in the mkldle portion of the sent 
than in both end portions of the stent. 

19. A stent of claim 18, wherein said wires are in a 
shape of a zigzag and wound in a helix to form the 
circular cylindrical shape of the stent. 

20. A stent of daim 18, wherein said wires are two 
wires wound in parallel in a helix to form the cir- 
cular cylindrical shape of the stent 

21. A stent of daim 18, wherein said wires are made 
of a super elastic metal. 

22. Astent of claim 18. wherein said wires are formed 
as a single piece frame by makhig of a super das- 
tic metal pipe. 

23. A stent of daim 18, wherein said wires are formed 
so that their cross-sectional area becomes grad- 
ually smaller toward both ends. 

24. A stent of claim 18, whwein said wires are con- 
nected at least two points vt^thout abrupt change 
in a physical property wiUiin it. 

25. A stent of daim IS, wherein said wires are coated 
with a bkiosmpatibte material. 

26. A stent of claim 18, wherein said stent is formed 

of two wires disposed in parallel with each other 
forming the helix structure of two parallel wires, 
and said wire makes the angie a of the helix to the 
direction of the axis of the stent smaller than the 
ccaresponding angle p for the helix structure 
formed of a single wire. 

27. A stenosis-treating device comprising 

an indwelling stent which is put in the body 
in the state compressed to a smaller outside di- 
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ameter, and resumes the shape before being 
compressed after being put in the body, 

a tubular sheath which holds said stent in 
a compressed state in it, and 

a balloon catheter which is passed through s 
said sheath with said stent being held by said 
sheath and has a balloon at the portion extending 
beyond the front end of said sheath and a projec- 
tion which corr«s to contact wtth the rear end of 
said stent when said sheath is moved rearward. w 

28. A stenosis-treating device of claim 27, wherein 
said projection Is provkied on the outside surface 
at the rear of the pcM-tion of said sheath at which 
said stent is held in said sheath. 1S 

29. A stenosis-treating device of claim 27, wherein 
said projection ccmes to contact with the rear end 
of said stent for stopping the move of the stent 

and for letting the stent out of said sheath when 20 
said sheath is moved rearward. 

30. A stenosis-treating device of claim 27, wherein 
said projection is a ring which has an outside di- 
ameter ^eater than the inside diameter of said is 
stent held in said sheath and smaller than the in- 
side diameter of said sheath. 

31. A stenosis-treating device of claim 27, wherein 

said projection is made of an X-ray opaque ma- 30 
terial. 

32. A stenosis-treating device of daim 27, which fur- 
ther has means for releasabie lodcing said sheath 

with said balloon catheter. 35 

33. A stenosis-treating device of claim 27, wherein 
said baltoon catheter has a balloon protecting 
means on the outside surface of the portion ex- 
tending beyond the front and of said sheath at the 40 
rear of said balloon, and said baltoon prot«ting 
means comes to contact with the tip end of said 
stent when said balloon ca&ieter es moved resu-- 
ward. 
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